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EpMUND HALLEY (b. 1656 —d. 1742). 
ASTRONOMER ROYAL 1720-1742. 
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THE SPECTROSCOPIC BINARY, a CORON.E BOREALIS 
By J. B. CANNON 
“T° HEstar w Corone Borealis, = 15" 30™,d6 = + 27° 3’) was 
discovered to be a binary by Hartmann from measures of 
six plates taken at Potsdam in 1902 and 1903.* It was under 
observation at this Observatory during the years 1907 and 1908, 
In all, one hundred and three plates were secured, forty-six in 
1907 and the remaining fifty-seven in 1908 ; the instrument used 
being the single prism spectroscope’. 

This star belongs to the class I a 2 in the Vogel classifica- 
tion. The spectrum shows the absorption line //,, 
maguesium A 4481, iron (44549, calcium A3934 and a few other 
very faint lines. The hydrogen lines are all very broad and 
diffuse and very difficult of accurate measurement. //¢ is especial- 
ly diffuse and it was found impossible to measure it on the plates 
obtained, A 4451 varies in character, in some plates well defined, 
in others diffuse. A4549 is very faint and was only measured in 
a very few cases. A 3954 is in general a fairly good line, being 
weighted about the same aS 47, and A747. In the measurement of 
nearly every plate it was found that A4481 and 44549 gave differ- 
ent velocieties from the //and A’ lines. It was decided, there- 
fore, to consider only /73, /7y, /7) and A’ in the first measurements 
and the elements of the orbit determined in the first part of this 
paper are from the consideration of these alone. 


®A.N. 163, 31, 1903. 
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The lines of each plate were weighted according to quality. 
The plate was then weighted as a whole, the general appearance 
of the spectrum and the agreement of the measures of the various 
lines being considered. The velocities when plotted gave a period 


of about 17°35 days. There were available, measures of three 
plates of 1901 and ten of 1905 taken at Potsdam,* and it was 
found when plotting these with our own observations that a 


period of 17°355 days would cause all these early observations 
with one exception to lie very close to a curve through the obser- 
i vations obtained here. 
a The one hundred and three observations were then combined 
into fourteen groups. Plates of both years were combined indis- 


criminately, those at nearly the same phase being grouped 
together. The weight of each plate was taken into account and 
the weighted mean of each group computed, together with the 
mean phase calculated from the time of periaston finally accepted. 


(Table 1 contains the mean phase, mean velocity, weight 
and residuals of these fourteen normal places, the residual being 
the difference between the normal and the value computed from 
final elements). 


TABLE I. 
NORMAL PLACES 


No. Mean Phase Mean Velocity Weight Res‘duals 
12°6560 29°77 6 2. 37 
2 13°777 23°54 2 2°34 
3 | 14°664 18°50 3 2°29 
4 15°31 5°77 2°5 0°36 
5 16°723 + §°00 1°5 + 6°22 
6: 07550 + 34°60 4 2°17 
7 2°302 + 37°14 6 - 

+ 24°33 3 + 2°66 
9 5°657 + 4 2°47 

10 6°250 + 2°41 4 + 1°46 
II 7°908 - 6,71 4 - 1°65 
12 9°444 17°27 2. 
13 10°517 - 22°21 3 + O25 
14 11°000 — 24°35 3 


From the radial-velocity curve drawn through the normal 


places the elements of the orbit were determined by the graphic 
*A.N. 163, 31, 1903. 
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method of Dr. King.* The value of fvv computed with these 
elements was 498'94 and it was thought that this might be 
reduced by applying least squares. The period was considered 
as fixed at 17°355 days, the interval between the Potsdam and 
Ottawa observations being great enough to make this value very 
nearly accurate. Fourteen observation equations were formed 
by the Lehmann-Filhés method? and the resulting normal equa- 
tions solved. ‘The corrections obtained gave new values for the 
elements which reduced fry to 217°55, but the differences between 
ephemeris and observation equation residuals were too large and 
a second least squares solution was made. ‘This time A’ was left 
out, the correction obtained from the first solution being suffic- 
iently small to justify the omission. This second solution again 
reduced puv and gave satisfactory agreement between ephemeris 
and equation residuals. 

The following table gives the values of the elements Ist 
graphic, 2nd and 3rd after Ist and 2nd least squares solutions. 


TABLE II. 
ELEMENTS OF ORBIT 


Elements Graphical After First Solution After Second Solution 
P 17°355 days 17°355 days 17°355 days 
7 J.D. 2,417,725°55 2,417,725 101 2,417,725°054 
A 33 km. 32°469 km. 32°969 km 
é 28 205 | 
309” 305°°24 303° 68 
} o km. + *635 km. + +498 km, 
pur 49894 217°35 207°7 
asinz 7,560,000 


The probable error of a normal place was computed and 
found to be + 3-07 that of a plate as determined from the resi- 
dual for each plate from the curve to be + 5°38. The probable 
error of each element was also computed and is given below,— 

of y + -330 km. 


+ -0012 
«a! 4°°25 
T + °187 


* Astrophysical Journal, Vol. XXVIL. 
tA.N. 136, 17, 1894. 
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Since the completion of the foregoing treatment of the bin- 
ary, from the point of view of the hydrogen lines and the calcium 
line, A 3934, all the plates have been reviewed, and the mag- 
nesium line A 4481 carefully measured when measurement was 
possible, with the intention of determining in what respect the 
orbit deduced from this line might differ from that already deter- 
mined from the other lines. The method of treatment was 
exactly similar to that formerly followed. The period was taken 
as before — 17°355 days. The observations were grouped into 
normals, the same plates being taken together as in the former 
treatment and the relative weights assigned as before. The 
normals were plotted, and the best curve possible drawn through 
them, or rather the graphic method of Dr. King was employed 
to obtain the elements of the orbit, the velocity curve correspond- 
ing to which best suited these normal places. 

The elements thus found were as follows :— 

y = + 6°69 km. 


K = 33 km. 

¢= Bd 

P= 17°35d-days 
9170 

a’ = 516 


Comparing these with the corresponding elements from the 
other lines, the main differences are seen to be in the values of y 
and e. 

In the work which has been done on the radial velocities of / 
stars other than binary, some stars have been found, certain of 
whose lines gave consistently different velocities from other lines. 
Among these is o Ceti, the emission and absorption lines giving a 
considerable difference in the value of the radial velocity. So 
with nearly all Nove. Nova Aurigze has been discussed at some 
length by several astronomers and a similar phenomenon has 
been noted. Explanations have been suggested as to the cause 
of the different displacements of different lines. These consist 
chiefly of two,—first, a lagging envelope producing the lines of 
less displacement towards the red end of the spectrum, and 
second, an ever expanding envelope coming from a continuously 


productive source. How far such conditions would go to explain 
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a state of affairs such as we find in @ Corone, it is difficult to 
say. We may also look upon the system as receding with a 
velocity of 6°69 km. per second,—the velocity given by the mag- 
nesium line,—and constantly expelling hydrogen and calcium 
vapors. And we may further consider the velocity of expulsion 
to be affected by the periodic recurrence of physical conditions, 
brought about by the changing relative positions of the stars in 
the orbit, and these conditions to be such as to fail to influence 
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Fic. 1.—VELOCITY CURVE OF @ CORONA BOREALIS FROM HYDROGEN 
LINES AND CALCIUM 4 3934 

magnesium in any way so far as changes in the lines are con- 
cerned. This is quite plausible, for in the spectroscopic study of 
the Sun's surface, regions have been found, such as sun-spots, 
the spectra of which show certain lines considerably affected in 
character and position, while other lines denoting other elements 
remain unchanged. 

After the first part of this work had been completed, Mr. 
Jordan issued from the Allegheny Observatory his publication on 


| 
PCC 
| 
| | | | | 


424 The Spectroscopic Binary, a Corone Borealis 


the orbit of @ Coronz Borealis. Comparing his results with 
those obtained here from the lines //,, Hj and X, it was 
seen that although on the whole they agreed fairly well, there 
was considerable difference in the values of ¢. This is largely 
due, no doubt, to the fact that Mr. Jordan used the line (Mg.) A 
4481 together with the above lines in the determination of his 
elements. However, the fact that the plates we obtained here 
were measured by several men and all agreed that the Mg line 
gave large discrepancies seems to justify the separate treatment. 


| 

| 


| 


Days 2 4 6 10 12 14 16 18 


2.—VELOCITY CURVE OF CORONAi BOREALIS 


—— Magnesium Curve. -—- Hydrogen Curve (raised 10 km.) 


In conclusion I wish to acknowledge my obligation to Dr. 
King for the encouragement and help he has given me in this 
work. 

The accompanying curves represent :—Fig. 1, the Hyrodgen 
and Calcium curve ; and Fig. 2, the curve from the Hydrogen 
and Calcium lines, and that from the Magnesium line. 

DOMINION OBSERVATORY, 

OTtaWA, CANADA, 
May 17, 1909. 


50 | ++ 
a | | | 

| 

10 aS } ¥ +--+ 

NS 

2 ° 


WATER VAPOR AND OXYGEN ON MARS 


By C. A. CHANT 


(7 interest in Mars is perennial. The scientific investigator 
assiduously studies the markings on its surface, the 
peculiarities of its spectrum and any other features which he can 
observe. From his point of view the problems presented by Mars 
are of the very highest importance ; while to the general public 
the question of the planet’s habitability, and the attempts to 
obtain evidence of life on it, are of surpassing interest. If ani- 
mated beings, at all comparable to those on the earth, exist on 
any other planet it is on Mars that we would expect to find them. 
Our knowledge of Mars is obtained in two ways, (1) by 
scrutiny of the planet's disc, visually and by photography ; (2) 
by securing information regarding the constitution and condition 
of its atmosphere by means of the spectroscope. 

Evidence obtained along both of these lines has been recently 
published, and it is my intention to sketch the work done on the 
subject. The chief visual observations and photographs of the 
planet's disc have been made at the Lowell Observatory, at Flag- 
staff, Arizona, though some excellent photographs have been 
made by Barnard at the Yerkes Observatory. The general 
appearance of the disc has become well known, but it is unfor- 
tunate that there is not perfect concordance among all the com- 
petent astronomers who have reported their observations. All 
agree regarding the main markings, but with respect to the finer 
ones, —the so-called ‘‘ canals,’’ — while some experienced and 
trustworthy observers unhesitatingly state that they have seen 
them, others, recognised everywhere as possessing the highest 
ability and skill, are quite unable to observe them. 

Of course the reason for this discrepancy in the evidence is 
that the objects to be observed are very near the ‘limit of 
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vision, and though it is certainly regrettable that there is not 
perfect agreement, the positive evidence is so abundant and in 
the main consistent, that the negative results can hardly discredit 
it. 

Investigations into the nature of the spectrum of Mars have 
been made by several eminent spectroscopists. The object usually 
sought is to secure evidence regarding the presence of oxygen 
and water-vapor in the planet’s atmosphere. These substances 
are prime requisites for our existence on the earth ; and if it can 
be demonstrated that they are found on Mars, this would be con- 
sidered evidence tending to confirm the hypotheses advanced by 
some astronomers that the polar caps are of snow, that the 
‘‘canals’’ are probably water-courses and that sentient beings 
live on the planet. But whether we allow these speculations to 
influence us or not, the problem of determining the presence of 
these substances is one of absorbing interest. 

When the light from an, ordinary gas, oil or electric lamp is 
examined by means of the spectroscope we find that the spectrum 
consists of a bright colored band extending from the red at one 
end through ali the intermediate colors, without a break, to the 
violet at the other end. Such a spectrum is said to be continuous. 
It is given by all incandescent solids and liquids. In the gas and 
the oil flame it is due to incandescent particles of solid carbon. 

Now when sunlight is examined its spectrum is crossed trans- . 
versally by a multitude of dark lines. The light which we would 
expect to find where these dark lines are, has undoubtedly been 
abstracted or absorbed by some medium through which the light 
has passed. The light from the interior of the Sun would, with- 
out doubt, give a continuous spectrum, and the chief medium 
through which it must pass is the Sun’s atmosphere, and it is 
believed that these dark lines are due to absorption in that 
medium. Indeed a comparison of these lines with those given 
in our laboratories by incandesceut gases have revealed the clue 
to their meaning. They demonstrate the presence in the Sun’s 
atmosphere of many. of the elements known to us on the earth. 


These dark lines in the spectrum are then due to absorption. 
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But before reaching us the sunlight must also pass through the 
atmosphere of the earth, and during the passage we would expect 
further absorption. Such is the case. Our atmosphere causes a 
general absorption, which diminishes the brightness of the spec- 
trum as a whole, but in addition to this it exerts a selective absorp- 
tion which introduces at least 1200 additional dark lines in the 
spectrum. The fact that these belong to the earth and not to the 
Sun can be shown in several ways, some of them very ingenious 
and delicate. 

When the Sun is near the horizon its light on its way to us 
traverses a much greater mass of the atmosphere than when it is 
high in the sky, and hence in the former case the atmospheric 
absorption or /e//uric lines should be more numerous and marked. 
This is well shown in the photographs reproduced in Plates XX. 
and XXI. 

Amongst the many absorption lines there are three strong 
groups known as the 4 (4 7594), dittle a (A = 7175) and B 
(A = 6867) bands. These are produced by water-vapor—per- 
haps chiefly by the oxygen in it—and the presence of these 
bands in the spectrum of a planet would indicate the presence of 
an atmosphere. 

Now Mars is not self-luminous, but is visible by reflected 
sunlight, and that light on its way to us must pass through the 
Sun's atmosphere, twice through the planet’s atmosphere and 
finally through our own. Thus the spectrum of Mars is a com- 
pound one, due to the atmospheres of the Sun, the planet and the 
earth, and if there is no atmosphere on the planet the spectrum 
should be identical with that due to the solar and terrestrial 
atmospheres together. 

All agree that the atmosphere of Mars must be thin, and, 
indeed, its effect is so slight that the problem of investigating it 
would hardly admit of solution if we had not at hand a-convenient 
object with which to compare it. That object isour Moon. The 
atmosphere of our satellite is inappreciable, and hence if the 
spectra of the Moon and of Mars when obtained under identical 
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conditions are indistinguishable we would infer that the atmos- 
phere of Mars, like that of the Moon, is practically negligible. 
Let us review some of the evidence on the question. 
Janssen in a letter to the French Academy in 1867 says; ‘‘I 
cannot bring this letter to a close without telling you that I have 


ascended Mt. Etna for the purpose of making some spectroscopic 
observations which require a great altitude in order to annul the 
greater part of the influence of our atmosphere. From these 
observations and from those which I have made at the Observa- 
tories of Paris, Marseilles and Palermo, I believe I can announce 
to you the presence of aqueous vapor in the atmospheres of Mars 
and Saturn.’’ 

In the same year Huggins obser@ed in the spectrum of Mars, 
lines ‘‘ apparently coincident with groups of lines which make 
their appearance when the Sun's light traverses the lower strata 
of the [earth's] atmosphere, and which are, therefore, supposed 
to be produced by the absorption of gases or vapors existing in 
our atmosphere. The lines in the spectrum of Mars probably 
indicate the existence of similar matter in the  planet’s 
atmosphere.’’ 

Secchi in 1872 stated that he considered that his observa- 
tions ‘‘ proved the existence of a Martian atmosphere analogous 
to our own.”’ 

In 1874 Vogel published his great monograph on the spectra 
of the planets, in which he says, ‘‘ it is definitely settled that Mars 5 is 
has an atmosphere whose composition does not differ appreciably 
from ours, and, especially, the Martian atmosphere must be rich 
in aqueous vapor.’ 

Observations by Maunder at Greenwich in 1877 confirmed in 
general the results of Vogel.* 

Thus the evidence of these competent spectroscopists all 
pointed to the conclusion that Mars has an atmosphere similar to 
our own, and that conclusion was quite generally accepted until 

*The above references are contained in Campbell’s paper on ‘* The Spectrum 
of Mars,” in Publications of the Astronomical Society of the Pacific, No 37, and 


Astronomy and Astrophysics, Vol. XIIL., p. 752, 1894. 
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it was sharply questioned in 1894 by Campbell of the Lick 
Observatory. 

On examining the conditions under which the observations 
had been made, Campbell found that they were generally very 
unfavorable, and as the summit of Mount Hamilton, at an eleva- 
tion of 4200 feet, with low humidity, is above much of the earth’s 
atmosphere, he determined to re-examine the whole question. 

He worked chiefly between 44653-660 and 44 646-652. He 
observed the spectrum of Mars on ten nights between June 29 and 
August 10. On eight nights he compared its spectrum with 
that of the Moon when the two bodies were at nearly equal alti- 
tudes. On two nights when the Moon was near the planet he 
turned repeatedly from one spectrum to the other. Every care 
was taken to have the two spectra equally bright, equally wide 


and, indeed, as nearly as possible under identical conditions. 


The results of his observations he gives as follows :— 

‘* First.—The spectra of Mars and our Moon, observed under 
favorable and identical circumstances, seem to be identical in 
every respect. The a/mospheric and aqueous vapor bands which 
were observed in both spectra appear to be produced wholly by 
the elements of the Earth's atmosphere. ‘The observations furn- 
ish, therefore, no evidence whatever of a Martian atmosphere 
containing aqueous vapor. 

Second.—The observations do not prove that Mars has xo 
atmosphere similar to our own; but they set a superior limit to 
the extent of such an atmosphere. Sunlight coming to us via 
Mars would pass twice, either partially or completely, through 
this atmosphere. If an increase of 25 to 50 percent. in the thick- 
ness of our own atmosphere produces an appreciable effect, a 
possible Martian armosphere one-fourth as extensive as our own 
ought to be detected by the method employed. 


Third.—\f Mars has an atmosphere of appreciable extent, 
its absorptive effect should be noticeable especia//y at the limb of 
the planet. My observations do not show an increased absorp- 
tion at the limb. This portion of the investigation greatly 
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strengthens the view that Mars does not have an e.c/ensive atmos- 
phere. 

While I believe that the polar caps of Mars are conclusive 
evidence of an atmosphere and aqueous vapor, I do not consider 
that they exist in sufficient quantity to be detected by the spectro- 
scope. This view has an important bearing upon the questions 
relating to the low albedo of the planet, and the well-known 
brightness of its limb, in both of which respects the planet 
resembles our Moon,”’ 

These contradictory observations by Campbell led Sir William 
and Lady Huggins and Vogel to renew in 1%94 their earlier 
observations, and they reported again that they were satisfied 
that the spectrum of Mars showed evidence of absorption due to 
its own atmosphere. However, as Campbell’s work was done 
under favorable conditions, his results disturbed the confidence 
which had been placed in the earlier observations. Indeed, 
Vogel, writing in 1895, says,* ‘‘ I believe it will be necessary to 
wait for still further observations, perhaps also those made from 
another point of view, before the question can be definitely 
settled.”’ 

Up to this time the observations had been entirely visual, 
and it was felt that the application of photography would elimin- 
ate many of the difficulties. However, since it was necessary to 
photograph the red-end of the spectrum, the plates used early 
were poor for the purpose. Campbell in 1895 and Keeler in 
1897 tried the photographic method but with negative results. 

By 1905 plates much more sensitive to the red end of the 
spectrum were obtainable and spectrograms of Mars were made 
at the Lowell Observatory, but the results were still indecisive. 
The great improvements recently made in the preparation of suit- 
able plates encouraged further attempts at the problem. The 
results of these we shall now see. 

The Lowell Observatory, located at Flagstaff, Arizona, is 
7,250 feet above the sea-level, is surrounded by desert or semi- 

*See Slipher, Zhe Specthum of Mars ; Astrophysical Journal,Vol. XXVIL., 
P- 397, 1908. 
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desert, and the airis very dry. During January and February, 
1908, at whicii time of the year the amount of water vapor in the 
earth's atmosphere is very small, a series of photographs of the 
spectra of Mars and of the Moon, under precisely similar condi- 
tions were taken by Dr. V. M. Slipher on plates bathed in a 
special solution of dyes which rendered them quite sensitive down 
to 47009. The /itd/e a band was very prominent. Under the 
conditions chosen the photographs were taken through about 
one fifth as much vapor as would have been encountered by an 
observer working at sea-level at the same temperature. 

Dr. Slipher states: ‘* The results of the examination of these 
plates lead to the conclusion that the @ band is re-inforced in 
Mars due to absorption in its atmosphere. Although some of 
the plates may be indecisive, the majority asserts this and none 
deny it. In general, those that show little or no difference ; 
exhibited by their lunar images strong terrestrial absorption, and 
those that show a marked difference exhibit weak terrestrial 
absorption. In other words, the delicate Martian component is 
easily masked by the terrestrial one and apparently ¢annot show 
unless the latter is very weak. 

Since this band in the spectrum of the earth's atmosphere 
has been found to be due to absorption by aqueous vapor and it 
appears to be identical in the twospectra except for the difference 
in strength, the reasonable conclusion is that the spectrograph 
has revealed the presence of water in the atmosphere of Mars.”’ 

Accompanying Dr. Slipher's paper are reproductions of the 
spectra of Mars and the Moon which certainly seem to bear out 
his conclusion. 

Some of the spectrograms taken at the Lowell Observatory 
were placed in the hands of Professor F. W. Very, a former 
worker in astrophysics with the late Professor Langley, and in 
Lowell's Observatory Bulletin, No. 36, (See also Science for Janu- 
ary 29, 1909,) he describes measurements which he had made of 
the intensification of the /i///e a band in the spectrum of Mars. 


Mr. Very used an instrument called a spectral band comparator, 
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devised by himself, by which he was able to measure the intensity 
of the bands in the spectrum of Mars. He says* :— 

‘* Differences of illumination which we note immediately, but 
which are not judged to be great, which in fact, at first guess, 
we estimate as but a few per cent. turn out to be many hundred 
per cent. when made the subject of exact measurement. It is 
probable that very few would guess in the absence of exact 
measurement that a first-magnitude star is one hundred times as 
bright as a sixth-magnitude. Bearing these facts in mind, it 
need excite no surprise when I state that the actual ratio of inten- 
sity of the a band in Mars, when expressed in absolute units, is 
much greater than would at first be inferred from the direct read- 
ings. I find that the real intensity of the band in the spectrum 
of Mars in the month of January, when the dew-point at Flag- 
staff was about 20° F., was four and a half times as great as in 
the lunar spectrum at the same altitude. 

‘* Admitting that the /i///e a band is four and one-half times 
as intense in the spectrum of Mars, if we may assume that the 
intensity of the band is proportional to the total amount of vapor 
present in the combined air columns traversed by the rays, as it 
is very nearly in the case of incipient absorption, it is perhaps 
permissible to say, since the rays pass twice through the atmos- 
phere of Mars, that on the average Mars has 0°5 x (4°5—1°0) = 
1°75 times as much aqueous vapor in its atmosphere as that which 
exists above Flagstaff in the month of January, or roughly, since 
one and three-quarters times the amount of water vapor in the 
surface air of Flagstaff would be 2°17 grains per cubic foot, or 
5°O grams per cubic meter, it may be concluded that the dew- 
point‘on Mars would be 33° F., if the distribution of moisture 
were the same in the upper air of the two planets.’’ 

In the Lowell Observatory Bulletin, No. 41, Mr. Very de- 
scribes further measurements which he has made on the Lowell 
spectrograms, this time chiefly on the # band, which is believed 
to be due to oxygen. In Sctence for November 12, 1909, is an 
interesting summary of his work, which closes as follows :— 


* Science, Jan. 29, 1909, p. 192-193. 
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‘* Kight entirely independent series of measures were made 
on four plates, each containing three spectrograms. No compu- 
tations were made until after the last measurement had been com- 
pleted, and I had no knowledge whatever of the significance of 
the result until the computations were finished. Since every one 
of the eight series gave a positive result, and since the method 
was so guarded as to eliminate every source of possible error 
which is known to me, I have no hesitation in announcing the 
intensification of great # in the spectrum of Mars as a fact. 

4 Nevertheless, I must warn any one who seeks to repeat the ob- 
servation that its verification will demand exceptional facilities, 
a long apprenticeship in the art of delicate photometric compari- 
sons, aud a good deal of patience and persistence. The measure- 
ment is much more difficult than the by no means easy one of the 
intensification of the //¢é/e a band of water vapor in Mars. In 
illustration of the difficulty of the latter observation, I may say 
that in trying to demonstrate it to visitors, the first objection is 
apt to be, ‘ but I don’t see any band.’ When, after some coach- 
ing, the faint hazy band is seen, the next assertion is usually 
that there is no difference in its intensity in different spectra ; and 
it is hopeless to expect a verification of the delicate quantitative 
measurement, unless the would-be observer can acquire the 
requisite skill. It is important that the spectrograms of the 
water-vapor band shall be secured when the water vapor in the 
éotal terrestrial air column is in smallest quantity. A low dew- 
point at the earth's surface does not guarantee this condition, 
which, in general, is almost never present in summer. For this 
reason the spectroscopic data should be obtained in winter.’’ 

Thus the evidence seemed decisively to show the presence of 
oxygen and water vapor on Mars. ‘The matter was uot allowed 
to rest here, however. In August of this year an expedition 
from the Lick Observatory, which had been planned years before, 
ascended Mount Whitney, the highest point of land in the United 

States, and made observations on the spectra of Mars and the 

Moon. Director Campbell gives an interesting account of the 

expedition in the Pd/ications of the Astronomical Socicty of the 
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Pacific (October, 1909,) from which the following account is 
taken :— 

‘* When the spectrum of Mars was under observation exten- 
sively at Mount Hamilton in 1894, for the purpose of detecting 
the presence of water vapor in that planet’s atmosphere, I real- 
ized that the water vapor in the Earth’s atmosphere was and is 
the great obstacle in the way of success ; and I then resolved to 
observe the spectrum of Mars from the summit of Mount Whit- 
ney,* the highest point of land in the United States, when the 
planet should again come into a position favorable for the pur- 
pose. This would occur in August-September, 1909, when Mars 
would be near the Earth and high above the horizon at the time 
of year when Mount Whitney could be ascended with instru- 
ments. 

Late in August, 1908, I ascended Mount Whitney, in order 
to determine the limiting sizes of instruments which could be 
transported over the rocky trail on the backs of the pack animals, 
and to plan the living arrangements for the proposed expedition 
of 1909. I was accompanied by Director C. G. Abbot, of the 
Smithsonian Institution Observatory, who was interested in the 
summit of Mount Whitney in connection with high-altitude 
studies of solar radiation, as Professor Langley’s pioneer expedi- 
tion had been interested in 1881. We remained on the summit 
throughout the night of August 24, 1908. The readings of the 
dry and wet-bulb thermometers obtained by Director Abbot indi- 
cated that the conditions were extremely favorable for the solu- 
tion of the proposed problem. Before leaving the summit I 
decided definitely that observations in 1909, requiring a residence 
of a week or more, should not be undertaken unless a building 
of some kind could be erected as a shelter in case of storm; and 
the question of ways and means were discussed. Director Abbot 
suggested that the purposes of such a building might, perhaps, 
come within the scope of the Hodgkins Funds of the Smithsonian 
Institution. A few weeks later, after receiving my description 


*In the Sierra Nevada Mountains, California. Longitude, 118° 18’ W.; lati- 
tude, + 36° 35’; altitude, 4,420 meters (14,501 feet). 
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of a building which would meet the needs of the proposed expe- 
dition, he was pleased to present the subject to Dr. C. D. Wal- 
cott, Secretary of the Smithsonian Institution, for consideration. 
Through the Secretary’s lively interest, an appropriation to pro- 
vide the buildivg for the shelter of the 1909 and any worthy 
future expeditions was made. 

As soon as the shelter was assured, Honorable William H. 
Crocker, Regent of the University of California, made generous 
private provision for all the expenses of the expedition from the 
Lick Observatory, University of California, including such pieces 
of new apparatus as were required to complete the equipment. 
This expedition was on the summit of Mount Whitney from 
August 28 to September 4, 1909. The instruments consisted of 
a 16-inch horizontal reflecting telescope and a suitable spectro- 
scope. The observations, made on the nights of September 1 
and 2, were mainly photographic. 

The building erected by the Smithsonian Institution, under 
the supervision of Mr. G. F. Marsh, a public-spirited citizen of 
Lone Pine, was finished on the morning of our arrival. Its out- 
side dimensions are eleven feet by thirty feet, and it is divided 
into three rooms. It has walls of stone and cement, door and 
roof of steel, and windows of steel and wire-plate glass. No 
wood or other perishable material was used in its construction, 

The Crocker Expedition had abundant reason to appreciate 
the protection afforded by the building, as severe storms were 
encountered on the summit. 

Water vapor in the atmosphere of any planet causes dark 
bands to be formed at certain definite positions in the spectrum 
of that planet ; conspicuous bands if the water vapor is abundant; 
inconspicuous bands if the quantity is slight, as this, the only 
method known, is not a sensitive one. 

The observer of Mars must look up through the earth’s 
atmosphere ; and the great quantity of water vapor in our atmos- 
phere, if the observer is near sea level or at ordinary altitudes, 
blots out the effect of any Martian vapor, making a solution of 


the problem impossible. By ascending Mount Whitney, altitude 
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14,501 feet, the Crocker Expedition placed itself above probably 
four-fifths or more of the earth's water vapor. Further, the air 
on Mount Whitney was astonishingly dry during the time of 
the observation. With barometer 1723 inches, air temperature 
29° Fahrenheit, and wet thermometer 17°, students of the atmos- 
phere will recognize that the observers of Mars were looking 
through remarkably little terrestrial water vapor. Even this 
small quantity would be almost fatal to success if we did not have 
a fairly satisfactory method of eliminating its effects, as follows : 
Our Moon has no appreciable atmosphere. The lunar and Mar- 
tian spectra will be affected alike by the water vapor in the 
earth’s atmosphere. These spectra are photographed, one 
immediately after the other while the conditions in our atmos- 
phere remain unchanged, and with the Moon and Mars at the 
same altitude above the horizon so that their rays traverse equal 
paths in our atmosphere. If the vapor bands in the Martian 
spectrum are found to be stronger than in the lunar spectrum, 
Mars has water vapor in considerable quantities. If the bands 
in the two spectra are estimated to be equally strong, water vapor 
on Mars, does not exist in sufficient quantities to be detected by 
the spectroscopic method. The latter condition was found to 
exist, when this method was applied under the superlatively 
favorable conditions existing on Mount Whitney. Both spectra 
were photographed when Mars and the Moon were near the 
horizon, again when they were at medium altitudes, and finally 
when they were 49° above the horizon. The best available 
vapor band, technically called ‘‘a,’’ was faint in both spectra 
when the bodies were low, fainter when the bodies were higher, 
and very faint when the bodies were at their highest ; but for 
equal altitudes the ‘‘a'’ bands in the Martian and lunar spectra 
were equally intense, plainly signifying that the observed bands 
were due to water vapor in the Earth's atmosphere above the 
summit of Mount Whitney. This does not mean that Mars has 
no water vapor, but only that the quantity present, if any, must 
be very slight. Let us recall that we see Mars by reflected sun- 
light. The rays which reached our instruments passed from the 
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Sun into the Martian atmosphere, for the most part down to the 
surface of the planet, and then out again to us, thus passing 
twice through the planet’s atmosphere and any water vapor it 
may contain. Even with this multiplying effect on Mars the 
vapor bands in the Martian and lunar spectra were alike, and we 
conclude that any water vapor in the Martian atmosphere must 
have been less extensive than was contained in the rarefied and 
remarkably dry air strata above Mount Whitney. 

A detailed account of the Crocker Expedition, including 
descriptions of the spectra as photographed, and a discussion of 
the results obtained are in press as a Lick Observatory Bulletin. 

The members of the party were Director W. W. Campbell, 
Assistant Astronomer Sebastian Albrecht, and Carpenter Hoover, 
of Lick Observatory ; Dr. John J. Miller, of San Jose, who took 
charge of all questions relating to health; and Messrs. G. F. 
Marsh and W. L. Skinner, of Lone Pine, California.’’ 

Thus, after all this careful work we are left in as much 
doubt as ever regarding this problem. What the next evidence 
will be it is difficult say. It will certainly be examined with 
great interest. : 
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HALLEY’S ACCOUNT OF HIS INVESTIGATIONS ON 
THE ORBITS OF COMETS. 


ALLEY’S treatise, which bore the title ‘‘ Astronomiz 
Cometicze Synopsis,’’ (7. e. ‘‘ A Synopsis of the Astronomy 
of Comets ’’) was presented to the Royal Society in 1705, and 
was published in 1706 in volume 24 of the Society’s 7ransactions, 
pages 1882-1899. The following account of this work is taken 
from Volume IV. of Baddam’s abridgment of the Memoirs of the 
Royal Society (London, 1739)._ The original spelling, punctua- 
tion and italics are retained here. 


The ancient /gyptians and. Chaldeans (if we may credit Dio- 
dorus Sicu/us) being furnished with a long series of observations, 
could predict the rising, or appearing of comets ; but since, they 
also are said by the same arts to have foretold earthquakes and 
tempests, it is past all doubt, that their knowlege in these matters 
was rather the result of astrological calculations than of astrono- 
mical theories of the motions of the celestial bodies; and the 
Greeks, who were the conquerors of both these nations, scarcely 
found any other sort of learning among them than this; so that 
it is to the Greeks themselves, as the inventors, especially to the 
great Hipparchus, that we owe this astronomy, which is now so 
greatly improved ; but 4visfofle’s opinion (viz. that comets were 
nothing else than sublunary vapours or airy meteors) prevailed 
so far amongst the Greeks, that this sublimest part of astronomy 
lay altogether neglected ; since none could think it worth while 
to observe, and give an account of the wandering and uncertain 
paths of vapours floating in the .7:/her ; whence it is, that we have 
nothing certain handed down from the ancients concerning the 
motion of comets ; but Seneca the philosopher, considering the 
Phenomena of two remarkable comets of his time, made no 
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scruple to place them amongst the celestial bodies, taking them 
to be stars of equal duration with the world itself ; tho’ he owns, 
that their motions were regulated by laws not then discovered ; 
at length, he foretels (which has proved no vain prediction) 
that time and diligence would unfold these mysteries to some 
future ages, who would be surpris’d how the ancients could be 
so ignorant of them, after that some lucky interpreter of nature 
would have pointed out in what parts of the heavens comets 
wandered, and shewn what, and how great they were; yet 
almost all astronomers differed from Seneca in this; and Seneca 
himself has not left any account of the. Phenomena of the motion, 
whereby he might support his hypothesis, nor assigned the time 
of their appearing, which might enable posterity to determine 
any thing in this matter: So that after Mr. had turned 
over several histories of comets, he could find nothing at all, that 
could give any assistance herein, before 4. ). 1357, when Nice- 
phorus Gregoras, an historian and astronomer of Constantinople, had 
pretty accurately described the path of a comet amongst the fixed 
stars ; but he too loosely assigns the time, so that this undeter- 
mined comet only deserved to be inserted in the catalogue, on 
account of its having appeared almost 400 years ago; the next 
comet 4. 2). 1472, which moved the swiftest of all, and came 
nearest to the earth was observed by Aegiomontanus ; this comet 
(so frightful on account both of the magnitude of its body and 
its tail) in the space of a day moved 40° of a great circle in the 
heavens, and it is the very first of which, any proper observations 
have been handed Gown to us; for all those who considered 
comets before Z7ycho Brahe, that great restorer of astronomy, 
supposed them to be below the moon, and so took but little 
notice of them, imagining them to be no other than vapours: 
But in the year 1577 7ycho Brahe applying himself seriously to 
the study of astronomy, and having procured large instruments 
for making celestial mensurations, with greater exactness and 
certainty than the ancients could ever hope for ; there appeared 
a pretty remarkable comet, to the observation of which 7ycho 
vigorously applied himself, and he found by several unquestion- 


440 Halley's Account of His Investigations 


able trials, that it had no sensible diurnal parallax ; and conse- 
quently, that it was not only no aerial vapour, but much higher 
than the moon ; nay, and might be reckoned amongst the planets 
for anything that appeared to the contrary, notwithstanding the 
cavilling opposition of some schoolmen ; to Zycho succeeded the 
sagacious Acf/er, who having the advantages of 7ycho'’s observa- 
tions, found out the true and physical system of the world, and 
vastly improved astronomy ; for he demonstrated, that all planets 
revolved in planes passing through the centre of the sun, and 
describing elliptical curves, observing this law, that the area’s of 
the elliptic sectors taken at the centre of the sun, in the /ocus of 
the ellipsis, are always proportional to the times, wherein the 
corresponding arches are described ; he also discovered, that the 
distances of the planets from the sun are in the sesquialteral ratio 
of their periodical times, or that the cubes of the distances are as 
the squares of the times ; this great astronomer had the oppor- 
tunity of observing two comets, one of which was very remark- 
able ; and from his observations of these, he concluded, from 
several indications of an annual parallax, that comets move freely 
thro’ planetary orbits, with a motion not much different from a 
rectilinear one, but which he could not determine: Next //eve- 
/ius, anoble emulator of 7ycho, following Avf/ler’s steps, embraced 
the same hypothesis of the rectilinear motion of comets, he him- 
self having very accurately observed several of them; yet he 
complained, that his calculations did not altogether agree with 
the appearances in the heavens, and he was aware that the path 
of comets was incurvated towards the sun: At length, that 
extraordinary comet of 1680 descended from a vast distance, and 
as it were, in a perpendicular line towards the sun, and ascended 
from him again with an equal velocity ; this comet appearing con- 
stantly for four months, by the peculiar and remarkable curvity 
of its orbit, seemed above all others the most adapted for investi- 
gating the theory of their motion ; and the Royal observatories 
at Paris and Greenwich being founded some time before, and com- 
mitted to the care of the most famous astronomers, the apparent 
motion of this comet was (as far as human sagacity could reach ) 
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very accurately observed by M. Cassiniand Mr. /Vamstcad: Not 
long after, that incomparable geometrician Sir /saac Newson, not 
only demonstrated that what Avf/er had found, did necessarily 
obtain in the planetary system, but likewise that all the Pheno- 
mena of comets plainly follow from the same principles, which he 
fully illustrated by the above-mentioned comet of 1680; and at 
the same time shewed the way of geometrically constructing the 
orbits of comets, and to the surprise of all men, solved a problem, 
whose intricacy rendered it worthy of so great a genius ; and he 
proves that this comet revolved round the sun in a parabolic orb, 
in such a manner that the areas estimated at the centre of the 
sun were proportional to the times: Mr. //ad/cy pursuing the 


steps of so great a man, attempted (and he presumes not without 


THE ASTRONOMICAL ELEMENTS OF THE MOTIONS, IN A PARA- 
BOLIC ORBIT, OF ALL. THE COMETS HITHERTO OBTAINED 


Longitude of 


Passage of Perihelion Inclination Distance from 
London Time Desthelion ‘hac Made | of Orbit Sun at Perihekon 
d h m ‘ = 
1337, June 2 6 25 37. 59 84 21 22 -40066 
1472, Feb. 28 22 23 45 34 281 46 5 20 "54273 
"1531, Aug. 24 21 18 301 39 49 25 17 56 *56700 
1532, Oct. 19 22 12 80 27 32 36 “50910 
1556, Apr. II 25 23 278 50 175 42 32 6 *463y0 
1577, Oct. 26 18 45 129 32 25 5§2 74 33 *18342 
1550, Nov. 28 15 109 6 18 57 64 40 *539628 
1585, Sept. 27 20 5 37. 42 6 4 109355 
1590, Jan. 29 3 45 216 29 «4! "57061 
1596, July 31 Ig 55 228 «15 312 12 §5 12 “51293 
*1607. Oct. 16 3 50 302 16 §0 21 17 2 “58680 
1618, Oct. 29 12 23 2 14 37s 34 "37975 
1952, Nov. 2 1I§ 40 28 19 10 79 $4750 
1661, Jan. 16 23 4! ms 59 $2 30 32 30 "44851 
1664, Nov. 24 11 52 i30 41 Sr 14 21 18 1°02576 
1065, Apr. 14 5 16 71 54 228 2 76 5 *1004) 
1672, Feb. 20 8 37 47 Oo 297 30 83 22 69739 
1677, Apr. 25 00 35 137 37 230 49 79 3 "28054 
1680, Dec. 8 o0 6 262 40 272 2 60 50 00612 
"1682, Sept. 4 7 39 302 §3 51 16 17 56 *§3323 
1683, July 3 2 50 85 30 173 23 83. *56020 
1084, May 29 10 16 238 52 268 15 65 49 *QOO15 
1686, Sept. 6 14 33 77.20 35 35 31 22 "32500 
1698, Oct. 8 16 57 270 5! 267 44 11 46 “69129 


(Those narked w.th a star * are successive apparitions of Halley's Comet). 
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success ) to bring the same method to an arithmetical calculation ; 
for having collected together all the observations of comets, he 
obtained the foregoing table, the result of almost immense calcu- 
lation. 

{Then follows l general table to compute the Motion of Comets 
ina parbolic Orbil, together with an explanation of its construc- 
tion and use]. 

It is to be observed that the five first comets, the third and 
fourth of which was seen by 7etrus Apianus, and the fifth by 
Paulus Fabricus, as was the tenth by J/estinus in the year 1596, 
have not the same degree of certainty with the rest, the observa- 
tions not having been made with the proper instruments or the 
necessary exactness, and therefore, disagreeing with each other, 
they can by no means be reconciled with a regular calculation ; 
Blanchini alone observed at Lome the comet .daxo 1684 ; and the 
astronomers at Paris the last comet in “1698, whose path they 
have described in an unusual manner ; this very obscure comet, 
tho’ swift and pretty near the earth, escaped our observations : 
Mr. //alley forbore to insert into his catalogue the two remark- 
able comets that appeared, the one in Vovemder 1689, and the 
other in February 1702, for want of observations ; for directing 
their course towards the southern part of the world, and being 
scarcely visible in Lurapje, they were not observed by persons 
equal to the task: It is to be observed that 11 of the comets in 
Mr. //alley’s catalogue moved direct, 7. e. according to the order 
; viz. those in the years 1532, 1556, 1580, 1585, 1618, 
1652, 1661, 1672, 1680, 1684 and 1686; and that the other 15 


were retrograde, z. e. moved contrary to the order of the signs. 


of the signs ; 


Upon weighing all these things, and comparing the rest of 
the elements of the motions of these comets with each other, it 
will appear, that their orbits are disposed in no certain order ; 
and that they are not confined like the planets to the zodiac, but 
that they move indifferently, every way both retrograde and 
direct ; whence it is plain, that they are not moved by I ortices ; 
the distances of this /erihelia are found to be sometimes greater 
and sometimes less; whence we have reason to suspect, that 
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there are a great many more comets, which being at remote dis- 
tances from the sun, and being obscure and without a tail, may 
for that reason escape our observation. 

We have hitherto considered the orbits of comets as perfectly 
parabolic, from which supposition it would follow, that comets, 
being impelled by a centripetal force towards the sun, do descend 
from infinite distances, and by their fall acquire so great a 
velocity, as to convey them into the remotest spaces of the sys- 
tem, and by a perpetual Misus tending upwards, never afterwards 
to return again to the sun; seeing then that the appearing of 
comets is very frequent, and that none of them is found to move 
in an hyperbola, or with a greater velocity than it would acquire 
in falling towards the sun, it is more credible, that they revolve 
about the sun in very excentric orbits, and return after very long 
periods ; for, thus their number is definite and perhaps not so 
very great; and the spaces between the sun and the fixed stars 
are so immense, that there is room for a comet to perform its 
period, however large it may be: for the Lafus rectum of an 
ellipsis is to the Latus rectum of a parabola, having the same 
Perihelian distance, as the Aphelian distance in the ellipsis is to 
its whole axis ; but the velocities are in the sub-duplicate ratio 
of the same; wherefore, in very excentric orbits, this ratio 
approaches very nearly to a ratio of equality, and the small differ- 
ence which arises on account of the greater velocity in a para- 
bola, is very easily compensated in determining the situation of the 
orbit ; therefore, the principal use of the elements of the motions 
in this table is, that whenever anew comet appears, we may by 
comparing the elements, know whether it is one of those that 
formerly appeared ; and consequently, we may determine its 
period, and the axis of its orbit, and foretel it return; and Mr. 
ffalley tells us that he had several reasons to induce him to be- 
lieve, that the comet in 1551, which was observed by Afian, was 
the same with that decribed in 1607 by Aep/er and Longomon- 
fanus, and which he himself had seen and observed upon its 
return again in 1682; all the elements agree, and there is no 


other difference than the inequality of their periods ; which yet 
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is not so considerable, as that it may not be ascribed to physical 
causes ; for Sa/urn’s motion is disturbed in such a manner by the 
other planets, especially /upiter, that its periodical time is for 
some whole days uncertain ; how much more may a comet be 
subject to such irregularities, whose orbit rises almost four times 
higher than Sa/urn’s, and whose velocity, tho’ never so little 
augmented, may change its orbit from an ellipsis to a parabola ; 
that it was the same comet, is farther confirmed, from that 
observed, in the summer of 1456, to pass retrograde, almost in the 


same manner, between the sun and the earth ; which tho’ it was 
not observed astronomically by any, yet Mr. //a//ey conjectures, 


that was the same with the former, from its period and the man- 
ner-of its transit ; whence he ventures to foretel its return in 


1758, and if this happens, there will be no further cause to doubt, 
but that the rest may likewise return ; astronomers will therefore 


have a large field. to exercise themselves in for several ages, 
before they can determine the number of so many and so great 
bodies that revolve round the common centre of the sun, and 
reduce their motions to certain rules: Mr. //a//ey was apt to 
believe, that the comet of 1532 was the same as that observed by 
Hevelius in the beginning of 1661; but Afpian’s observations, 
which are the only ones we have, are too inaccurate, to deter- 


mine anything certain from them in so nice an affair: Sir /saac 
Newton delivers a method of constructing the orbits of comets by 
three accurate observations, Philos. Natural. Princip. Mathemat. 


| 


/ié. 111. which afterwards Dr. Gregory fully and clearly illustrated 

in the fifth book of his physical and geometrical astronomy. 
Here one thing is to be observed, zz. that some of these 

comets have their nodes so near the annual orbit of the 


earth, that should it happen at the time of the return of a comet, 


that the earth was near its node, whilst the comet passes with an 


incredible velocity, it would also have a very sensible parallax, 
and which would be to the sun’s parallax in a given ratio ; 
whence, upon such like transits, there would be a very favour- 
able opportunity (which yet seldom happens) of determining the 
distance of the sun from the earth ; which hitherto could be con- 
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cluded but very loosely, and that only by means of the parallax 
of A/ars in opposition to the sun, or that of Venus in the Peri- 
g@um : and tho’ indeed it is thrice greater than the parallax of 
the sun, yet it is scarcely perceptible with any instrument, and 
this use of comets was suggested by the famous geometrician Vio 
Facio ; for the comet of the year 1472 had a parallax 20 times 
greater than that of the sun; and had the comet. Anzo 1618 
arrived, about the middle of A/arch at its descending node, or had 
the comet 2x0 1684 come a little sooner to its ascending node, 
being very near the earth they would have had still more sensible 
parallaxes ; of all the comets there were none that approached 
nearer the earth than that .4zzo 1680 ; for, upon a calculation, it 
was no further distant towards the north from the annual orbit, 
than the sun’s semi-diameter (or the radius of the moon’s orbit, 
as Mr. //al/ey supposes) and that too in November 10th 15 6™ 
p.M.; at which time had it been in conjunction with the earth as 
to longitude, there might have been observed in its motion a 
parallax equal to that of the moon: Mr. //a/ley leaves it to phil- 
osophers to discuss what consequences would arise from the 
appulse, contact or collision of the celestial bodies, which vet is 
not altogether impossible. 
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MEETINGS OF THE SOCIETY 


At TORONTO 


November 9.— Professor DeLury referred to the fact that the 
Secretary had received an announcement to the Society of the 
death of Professor Simon Newcomb, and moved that the Secre- 
tary be instructed to communicate with Mrs. Newcomb and to 
convey to her and her family the sympathy of the Society in her 
great loss, and its high appreciation of Professor Newcomb’s 
splendid services to astronomical science. The motion was 
seconded by Mr. J. S. Plaskett and carried. 

Mr. A. Sinclair read the report of the Librarian, showing 
valuable additions to the Library within the last fortnight. Par- 
ticular reference was made to Sir William and Lady Huggins’s 
new book, Volume II., of the publications of the Tulse Hill Ob- 
servatory, which came to the Society with the compliments of 
the authors. Mr. Musson referred to the work of Sir William and 
Lady Huggins and their magnificent contributions to astro- 
physics. Mr. Muir moved that a vote of thanks be conveyed to 
Sir William and Lady Huggins for their gift. The motion was 
seconded by Mr. L. H. Graham and passed. 

The paper for the evening was by Mr. J. S. Plaskett, B.A., 
the subject being an account of the work done at the Dominion 
Observatory, Ottawa. 

The work at the Dominion Observatory may be classified 
under the following heads :— 

(a) Geophysics, embracing terrestrial magnetism, determin- 
ation of the magnetic declination, dip and horizontal intensity ; 
determination of the force of gravity in various parts of the 
country ; and seismology, or the observing} tabulating and dis- 
cussing of sensitive records of earthquake shocks. 
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(b) Meridian work, embracing the determination of the 
latitude and longitude of selected stations throughout the country, 
the determination and maintenance of accurate standard time, 
including a system of synchronously controlled electric clocks 
throughout all the departmental buildings at Ottawa, and the 
occurate determination of the absolute positions of certain stars 
by means of the meridian circle. 

(c) Astronomical and astrophysical work, embracing the 
measurement of the position angle and distance of double stars, 
the position of comets and the time of occultations of stars by 
the moon. It includes the photography of selected regions of 
the sky and of comets, and especially the photography of the 
spectra of stars for the determination of their radial velocity. 
These latter stars are mostly spectroscopic binaries, and when a 
sufficiently large number of measurements have been obtained 
the character of the motion of the component stars around one 
another can be determined. This division also includes work in 
solar research, embracing daily photographs of the Sun's surface 
for determining the size and position of the disturbed regions, 
such as spots and faculz, and spectrograms obtained to determine 
the character and period of the solar rotation, as well as other 
researches in this important and practical subject. 

(d) The delimitation and marking of the international 
boundaries. This work has been in progress for many years and 
is being actively prosecuted. Besides marking and re-marking 
the boundary lines between Canada and the United States, surveys 
are made and maps prepared of a strip of country on each side of 
the boundary. 

(e) The Geodetic Survey of Canada. This is, perhaps, the 
most important practical-work carried on in connection with the 
Observatory. It has been in operation about three years, and 
already a good start has been made for a primary survey of the 
whole country. 

In division (c) the most time is devoted to the determination 
of the radial velocities of stars, and through them of the elements 
of the orbits of spectroscopic binaries. Although the Observa- 
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tory has only been in operation a short time and with a telescope 
much smaller than any other engaged in this work, it has already 
accomplished probably as much as any other in the line of deter- 
mining orbits, having obtained nine out of about forty that are 
now known, and is now doing more than any other observatory 
in this work. 

Out of the nine orbits determined, several have rather abnor- 
mal features, some indicating the presence of three bodies instead 
of two, and having other interesting characteristics. It is by 
the continuation of such work, and by the continual additions to 
our knowledge thus obtained that we may finally hope to obtain 
a better idea of the construction of the universe, and it is impos- 
sible to foretell in advance how great a practical bearing such 
work may have. 

The address was illustrated with many lantern slides show- 
ing the splendid equipment of the Observatory, and illustrations 
of the results of the investigations held there, and was followed 
by an interesting discussion. A hearty vote of thanks to the 
lecturer was passed at the close of the meeting on motion of 
Professor DeLury, seconded by Mr. A. F. Miller, and at consid- 
erably past the usual closing hour the meeting adjourned. 


November 23.—Mr. A. F. Miller stated that he had observed 
Mars on every possible occasion during the last few weeks, but 
that it has now receded so far that the detail visible at the time of 
opposition cannot be seen with his telescope. He also reported 
that A/ira is at present between the 5th and the 6th magnitude. 

Rev. Robert Atkinson, of Chesley, who was present, spoke 
of the pleasure he felt in being present at a meeting of the Society 
after an absence of several years, and stated that he is still observ- 
ing with his three-inch telescope. 

The paper for the evening was by Mr. Lawrence V. Red- 
man, B.A., and dealt with some recent developments in physics, 
chiefly in regard to Colloidal Particles. ; 

The history of colloids was reviewed, beginning with the 
purple of Cassius and gold dissolved in glass. Graham's classi- 
fication and Faraday’s researches were also mentioned. Then 
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followed Tsigmondy's and Seidentopf's discovery of the ultra- 
microscope. This new instrument shows particles one-twentieth 
the size of the smallest seen in the ordinary microscope, and 
physicists are now working in the hope of using ultra-violet rays 
and extending the power of the ultra-microscope fifty diameters, 
which should then show the molecule of hydrogen. The motion 
of the particles was shown from slides. The Brownian move- 
ments and the oscillating motions of the particles were illustrated, 
showing the resemblance of the moving particles to the motion 
of the stars. Recent discoveries prove that all bacteria can be 


treated like colloids in that they are precipitated by the addition 
of certain quantities of electrolytes. Slides of arsenic sulphide 
illustrated the recent discoveries of Ostwald in connection with 
Titian’s painting, showing that it was by means of a precipitated 
colloid used as a base on the canvas and by the superposition of 
a colloid (in solution) upon this base that such excellent colours 
were produced by the great painter. 
An interesting discussion followed, in which Messrs. R. 
Atkinson, W. B. Musson and J. R. Collins took part. It was 
moved by Professor DeILury and seconded by Mr. A. Elvins, 
that a vote of thanks be tendered to the lecturer for the trouble 
he had taken in presenting the subject so attractively, and as an 
expression of the high appreciation of the Society of the value of 

such an address. 
E. D. 


AT OTTAWA 


October 11.—The meeting was held in the Normal School, 
and to a well-filled house Dr. Otto Klotz, the chairman for 
Ottawa, introduced Professor Edwin B. Frost, of the Yerkes 
Observatory, who spoke on ‘‘ Phases of Work in a Modern 
Observatory.”’ 

Prof. Frost prefaced his address by stating that he would 
show a series of lantern slides exclusively of the Yerkes Observa- 


tory, and what he had to say would be in explanation of or in 
comment upon them. 
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It would be useless to attempt a verbal report of the slides 
shown. Inasmuch as they were actual photographs they gave 
the audience a view of what the astronomer himself sees with the 
help of his instruments, and were, of course, free from all the 
exaggeration so common in the sensational statements of many 
of the popular talks on astronomy. ‘The series of views began 
with pictures of Yerkes Observatory, its founder and patrons and 
some of its most distinguished workers. Then followed pictures 
of the great telescope with its numerous attachments and the 
other instruments. Finally came pictures, taken by the aid of 
these telescopes, of the Sun, Moon, the planets, the Morehouse 
comet, Halley’s comet, star clusters, stars, clouds in the Milky 
Way, and showing the spectroscopic work being done by the 
Observatory. 

In connection with the pictures of the Sun, Prof. Frost said 
that a recent invention rendered it possible to photograph pheno- 
mena outside of the Sun’s edge at avy time: formerly this was 
possible only at time of a total solareclipse. Several slides taken 
in this way showed the ‘‘flames’’ rising from the Sun’s limb. 
Other slides of sun-spots suggested at once to the mind, by the 
markings about them, that they were centres of magnetic forces. 
A slide of the Moon was of the sharpness of a bronze casting ; 
and it was pointed out that by a study of the lengths of the 
shadows on this picture alone, a relief map of the Moon might be 
made. 

Beautiful slides of several of the planets were shown. ‘Those 
of Mars were noteworthy, not only for what they showed to be 
on the planet, but also for the negative character of the evidence 
they presented in that respect. 

A series of slides showed how the light of the stars was 
made to tell us their chemical composition and their motion in 
the line of sight. The theory of spectroscopic binaries was also 
illustrated. 

At the close a vote of thanks moved by Dr. W. Saunders 
was heartily endorsed by the audience. After the announcement 
of the subject for the next lecture, the meeting adjourned. 
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October 21, 3 p.m.—Mr. J. S. Plaskett read a paper on 
‘* Collimation of Correcting Lenses.’’ Mr. Plaskett stated that 
after the installation of the new spectroscope the spectrum towards 
the violet end was weaker than could be accounted for by extra 
absorption through the new prism. It was important that this 
defect should be remedied, as the lines at the violet end are often 
necessary for measurement, and, moreover, the cause which 
brought about this defect might also bring about a displacement 
of the lines. 

First, experiments were made to find whether the slit through 
which the light passed was placed in the star focus, and whether 
matters could be improved by moving the correcting lens verti- 
cally. 

Then attempts were made to ascertain whether the guiding 
telescope was adjusted properly. Todo this, photographs were 
taken of the spectrum of Vega, first when the guiding telescope 
indicated the image to be central on the slit and then when it was 
slightly above and slightly below the slit. In this way the image 
was shown to be asymmetric with regard to the slit. Further 
experiments revealed the cause of this ; it was finally shown to 
be due to the collimation of the correcting lens. Mr. Plaskett 
showed slides illustrating the effect of moving the correcting lens 
out of collimation by and 4 inch, 


It was then found that, owing to flexure, the correcting lens 
might be in collimation for one position of the instrument but 
out of collimation for other positions. To overcome this difficulty 
tests were being made to find the best position of the correcting 
lens for each position of the instrument ; a table would be pre- 
pared giving these positions, and by means of a screw with a 
micrometer head the lens could be properly adjusted as indicated 
by the table. These experiments were useful also in leading to 
a knowledge of the best position to keep the image when guiding 
the instrument. 

After discussion on the subject Dr. Klotz thanked Mr. 
Plaskett in the name of the Society, and then introduced Mr. R. 
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M. Motherwell, who gave a paper on ‘‘ Determination of a 
Comet’s Orbit from Three Observations.”’ 

An observation on a comet gives its right ascension and 
declination, or its angular co-ordinates, determining only its 
direction; its distance and velocity being unknown. ‘Three obser- 
vations give us six equations to determine six unknown quanti- 
ties. These six unknowns define the orbit of the comet. The 
difficulties in solving the equations lie in the fact that the func- 
tions are transcendental, involving the elements in a very com- 
plicated fashion. 


As the three positions lie in a plane passing through the 
Sun's centre, we have at once a relation existing among the rec- 
tangular co-ordinates of the three points. This relation can be 
written in three different forms having terms involving the pro- 
jections of the triangles formed by two positions of the comet and 
the Sun, on the planes of reference. To solve a practical ex- 
ample it is then necessary to make some approximation. Olbers 
assumes that the triangles above referred to are in area propor- 
tional to the times of describing them. 


The different steps in the solution were then given by Mr. 
Motherwell in algebraic form, and the conditions mentioned 
under which the solution fails on account of some of the quan- 
tities becoming indeterminate. In some cases further observa- 
tions might be necessary. One of the equations used becomes 
transcendental if the motion is elliptical, in which case another 
method of solution becomes necessary. To discuss this method 
would require more time than available at one meeting. 


In the discussion Dr. Klotz asked what was the most favor- 
able time to observe a comet, with a view to determining its 
orbit. Mr. Motherwell replied that he considered the most 
favorable time to be when the comet and the earth were at equal 
distances from the Sun, provided, of course, that other conditions 
were favorable. 


November 4, 3 p.m.—Mr. A. H. W. Cleave was elected a 
member of the Society. 
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Dr. Otto Klotz gave an address on ‘‘ Some Scientific Crumbs 
from Europe.’’ Dr. Klotz said that he went to Europe as dele- 
gate to the International Seismological Conference held at Zer- 
matt, Switzerland ;: and from there he visited a number of obser- 
vatories in Germany, afterwards crossing to England on his 
route back to Canada. He then gave briefly the things of scien- 
tific interest which he noted at each place. 
Speaking of the Conference itself Dr. Klotz said that twenty 
countries were represented out of the twenty-three comprising 
the Association. The most important Committee,—that on 


Seismological Instruments,’ 


aid not award a prize for any 
instrument, as, unfortunately, a limit had been set to the price 
of the instrument in the conditions laid down at the Hague meet- 
ing in 1907, and consequently the instruments submitted, 
although very good for the money, were, nevertheless, not of the 
precision required nowadays for earthquake investigations. The 


’ 


committee on Catalogue of Earthquakes,’’ after discussing 
fully the two different propositions, 7/z.—a regional and a chrono- 
logical classification—satisfactorily arrived at a compromise so 
that investigators will have the benefits of each. 

Of papers read before the Society that by Prof. Hecker on 
‘* Microseisms '’ was of importance. A paper by Dr. Klotz him- 
self on the same subject coutained the most positive statement on 
the connection between microseisms and the dynamics of the 
atmosphere, viz.: when an area of low barometer with steep 
gradients reaches the Gulf and Atlantic in an eastward move- 
ment we may be certain to find microseisims recorded. How the 
water produces them or communicates through the crust of the 
earth is not yet known. Here strong microseisms appear a/ler 
the passing of the ‘‘ low’’ ; in Europe the reverse should be the 
case. A committee consisting of Prof. Hecker, Prince Galitzin 
and Dr. Klotz was appointed to further investigate the question 
and install a special apparatus somewhere on the sea coast for 
this purpose. 

Dr. Klotz then gave, at considerable length, the investigation 


of Prof. Hecker on determining the effect of the pull of the Moon 
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on the solid earth. By means of a pendulum seismograph in a 
well about SO feet deep, Prof. Hecker after experiments extend- 
ing‘fover seven years was able to show that, the pendulum bob 
described an ellipse on account of the attraction of the Moon. 
Comparing this result with the theory of an earth absolutely 
rigid, the rigidity of the earth was deduced to be somewhat 
greater than if made of steel. 

Dr. Klotz then spoke of the glacial garden, of the platform 
at Strassburg for analysing seismograms and eliminating the 
movements of the pendulum itself; of the meteorological work 
being carried on there by means of balloons, automatically record- 
ing pressure, temperature and moisture ; of the earthquake sta- 
tion near Hohenheim near Stuttgart and of the work on secular 
variations of terrestrial magnetism at Munich. At Heidelberg 
he saw the photographic plate of Prof. Wolf on which the dis- 
covery of Halley’s comet on September 11 was shown. 

Other magnetic and earthquake stations and observatories 
visited were Jugemheim, Frankfort, Leipsic, Berlin, Kiel and 
Hamburg. 

After this Dr. King spoke for a short time on the meeting of 
the International Geodetic Congress in London. Referring to 
the work of Prof. Hecker, Dr. King pointed out that as the 
ellipse described by a pendulum under the Moon’s attraction is 
flatter in a north and south direction than the theory would 
warrant, the conclusion would seem to be that the earth is more 
rigid in an east and west direction than in a north or south direc- 
tion. Sir George Darwin suggests that this may be due to the 
rotation of the earth. The same explanation might account for 
the supposition of some, that earthquake tremors are transmitted 
faster in an east and west direction than in a north and south 
direction. 

Referring to Prof. Hecker’s determination of gravity at sea, 
it was pointed out that the correction required for aship’s motion 
destroyed to some extent the agreement of his results. 

By means of a study of his deflection of the plumb line by 


local masses, with the torsion balance, Baron Eotvos claimed to 
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prove that attraction of gravity is the same for matter of different 
kinds within one part in ten million. 

An investigation into the character of the earth's crust by 
Hayford led him to the conclusion that there was the same 
quantity of matter in a given section toa depth of 122 kilometres. 
Dr. Helmert and Prof. Hecker in Europe obtained results veri- 
fying this. 

Six stations on the 59th parallel of N. Lat. were occupied for 
ascertaining the variation of latitude. There was found to be a 
period in the variations of 427 days, Euler had proved that with 
a rigid earth this period should be 306 days. The explanation 
is that the earth is not perfectly rigid. This hypothesis gives a 
co-efficient of rigidity closely agreeing with that obtained by 
different methods. A yearly period of variation of latitude also 
exists probably due to the loading of certain portions of the earth 
with ice. The two periods combine to give one grand period of 
very nearly seven years. 

November 18, 7 p.m.—'The lecturer for the evening was Mr. 
R. F. Stupart, the Director of the Meteorological Service. 

Before beginning on the subject proper, ‘‘ The Winds of the 
Globe,’’ Mr. Stupart drew attention to the fact that of late many 
observers have become interested in metecrology and in the rela- 
tion it bears to solar physics. Formerly the student of physics 
followed what he considered more alluring lines ; he objected to 
the empirical character of weather forecasts. But though the 
weather forecasts may be, to some degree, empirical, yet the 
student of the weather must be versed in the laws of physics. 
In speaking of the winds of our globe Mr. Stupart gave a brief 
history of the growth of our knowledge of them. ‘The first 
proper definition of wind was given by a Greek of Ionia, 550 
B.C. The writer of Job also had a proper conception of them. 
But not until the invention of the barometer in 1645 did the 
study of meteorology receive any important impetus. The 
astronomer Halley in 1685 put forward a theory of the trade 
winds between the equator and the poles, with lateral deviations 
due to earth’s rotation, but actual data as to the direction of the 


\ 


456 The Royal Astronomical 


winds have shown that Halley’s theory is not correct. In the 


’ 


19th century the ‘‘ storm centre,’’ an area of low pressure with 
winds blowing toward it, has been discovered and studied. At 
present the researches of Prof. Rotch, of Blue Hill Observatory, 
near Boston, and of Dr. Teisserenc de Bort, of Paris, France, 
were among the most important. 

While the theorists were thus at work navigators had been 
collecting a vast array of data as to the winds of the sea. From 
these the winds of the surface of the earth were learned. ‘The 
lecturer exhibited a number of slides showing the winds at differ- 
ent seasons. 

Mr. Stupart then discussed the movements in the upper 
atmosphere. By means of kites and balloons it has been found 
that there is as a general rule a return upper current above every 
surface one. 

The methods of forecasting the weather were then explained 
by means of slides. Examples of storm centres beginning in the 
Gulf of Mexico or along the eastern coast of North America 
were shown and followed in their courses. By a consideration 
of the usual path of storms the probable course of a storm might 
be forecast. 

It was also shown how a storm centre, on account of the air 
having a slight upward tendency, might bring rain. 

At the close, on motion by Dr. Bryce seconded by Dr. White, 


a hearty vote of thanks was tendered the lecturer. 


December 16, 8 p.m.—Anuual Meeting. 

The following Officers were elected for 1910 :— 
Chairman—Dr. Otto Klotz, LL.D., F.R.A.S. 
lice- Chairman—J. S. Plaskett, B.A. 
Secretary—Carl Engler, B.A. 

Treasurer —C. C. Smith, B.A. 

Councillors—R. M. Stewart, M.A. 
F. A. McDiarmid, B.A. 
J. J. McArthur, D.L.S. 
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AT PETERBOROUGH 


October 26.—There was an excellent attendance, and the 
chair was occupied by Mr. H. B. Collier, the Vice-President for 
the Centre, who referred briefly to observations which he had 
made on the Sun, Mars and Saturn. 


The chairman then called on the President for the Centre, 
Rev. D. B. Marsh, D.Sc., who took as his subject ‘‘ A Night in 
the Caribbean Sea.’’ This consisted of an illustrated travel-talk 
in which the speaker gave a very pleasing description of a winter 
trip to the Bermudas, and was illustrated by about seventy-five 
excellent colored views. The audience was highly delighted. 
The speaker drew attention to many interesting facts about this 
unique portion of the earth, a chief one being the great use made 
of the coral formation,—the work of the wonderful coral insects. 
The houses, churches, roads, fences, etc., are constructed of this 
white substance, and present a scene of spotless cleanliness and 
refinement. ‘The temperature is quite uniform, ranging between 
60 and 8O degrees, and the climate would be ideal were it not for 
the excessive moisture. 

At the close of the address an interesting discussion took 
place, in which many questions were asked regarding the coun- 


try and the climate, and were satisfactorily answered. 


November 30.—Owing to circumstances for which the Local 
Council of the Society was not responsible, it was found necessary 
to postpone the regular fortnightly meeting from Tuesday even- 
ing November 16 to 30. 

A feature which bespoke growing interest in the local Centre 
was the large attendance, composed partly of Normal School 
students, who had availed themselves of the opportunity of secur- 
ing first hand knowledge of the subject of ‘‘ Winds and Weather "’ 
as dealt with by Mr. R. F. Stupart, Director of the Meteorologi- 
cal Bureau of Canada. They, undoubtedly, were well repaid 
as the subject was handled in such a lucid manner, and with the 
aid of lantern views, that no one could failin grasping the funda- 
mental principles. 
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The President was in the chair and after the reading and 
adoption of the minutes, he referred briefly to the profit and 
pleasure he had derived from his acquaintance with Mr. Stupart, 
and of the latter's kindness in lending to the Peterborough Centre 
a small but excellent telescope, which had proved of great value 
as well as a source of much pleasure to local astronomers. 

Mr. Stupart in his address reviewed the history of meteor- 
ology, showing how little was the real knowledge of the subject 
until very recent years. 

One slide of special interest shown on the screen was the 
barogram or photographic register of the barometer recorded in 
Toronto on August 27, 1883, this being the occasion of one of the 
greatest voleanic explosion that the world has ever seen, that of 
Krakatoa, an island in the Sunda Strait between Java and 
Sumatra. The great air waves started round the world and the 
components in opposite directions came to Toronto only a few 
hours apart. 

Charts were shown of the actual climatic conditions in 
America on many specific dates, and the tragks of great storms 
traced day after day. 

The speaker stated that in Canada there are about thirty- 
eight stations, one here in Peterborough, from which reports are 
received twice a day. ‘These are sent on to Washington and from 
there sixty-five United States reports are received in return. 
With the aid of these and from general scientific knowledge the 
probabilities are forecasted. 

At the close of the lecture several questions were asked the 
speaker, among them being a popular one, —as to whether the 
Moon has any influence on the weather, to which the reply was, 
‘* None whatever.’’ 

On motion of Mr. H. O. Fisk, supported by Mr. T. A. S. 
Hay, the speaker was tendered a vote of thanks for his very 
interesting and instructive lecture. 

Mr. W. D. Scott was elected a member of the Society. 


December 3.—A large and appreciative audience gathered 
this evening in the auditorium of the Collegiate Institute to hear 


i 

= 

ve 

Wis, 


Society of Canada 459 


the distinguished arctic explorer Captain J. E. Bernier lecture 
on his travels. 

After a few remarks from the President of the Centre, who 
spoke of his acquaintance with and respect for Captain Bernier, 
the explorer was presented with an address of welcome by Mayor 
Rush, on behalf of the City Council and the citizens of Peter- 
borough. 

The chairman, Hon. J. R. Stratton, M.P., then made some 
eulogistic remarks with reference to the lecturer for the evening, 
and intimated that he was present at the meeting at Captain 
Bernier’s personal request. 

Captain Bernier proved himself a very interesting speaker. 
He showed himself to be resourceful, with a rare fund of humor, 
and one who under the most trying circumstances looked on the 
bright side of things. His information regarding the north 
magnetic pole was also very interesting. When he saw the 
shining waters of the north-west passage he was confident that 
he could have claimed the ‘* top of the world’’ for Canada and 
the British Empire, but his orders did not allow him to attempt 
it. 

The lecturer dealt with his three trips to the North, and 
many remarkably fine lantern slides gave realistic views of the 
far north land, and exhibited the conditions of life up there in 
various phases. 

Captain Bernier also introduced his hearer to the peculiar 
residents of that vast country of snow and ice, the Esquimaux, 
and told of their characteristics and habits of life, and of what 
conscientious missionaries are doing for them. He told of the 
seal fishing, the hunting of four-footed and winged game, and 
described countless other-things of importance and interest. 

He thought that the value of the resources of the north 
were not comprehended as they should be, the fisheries especially, 
as the rivers were alive with one of the best fish that swims, the 


salmon trout, and when a befter means of reaching this territory 


is established, a highly profitable fishing ground will be found 
there. 
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At the conclusion of the lecture a very hearty vote of thanks 
was tendered the speaker on motion of Mr. D. Hughes-Charles 
supported by Dr. Marsh. 

Mr. J. C. Shook was elected a member of the Society. 

F. 


HAMILTON 


October 4.—The first meeting of the Fall Term of the Hamil- 
ton Centre was held in the Art Gallery of the Art School, but 
even this large room was not sufficient to accommodate the splen- 
did audience which gathered to greet our ex-president, Rev. D. 
B. Marsh, of Springville. 

Mr. Adam Brown occupied the chair, and in his usual inimit- 
able way, added much to the success of the meeting. 

In introducing the speaker, he referred to the work of Dr. 
Marsh in founding the Hamilton Society, and of the splendid 
results of this work. 

Dr. Marsh spoke on the snbject ‘‘ Stellar Evolution and How 
it is Studied.’’ He first described the Nebular theory of Laplace, 
as applied to the formation of the Solar System, and showed its 
deficiencies. Then he explained the modifications which have 
lately been made in it, resulting in what is known as the Spirai 
Nebula Theory. Each step of the lecture was illustrated with 
lantern slides. 

In the discussion which followed, many expressions of appre- 
ciation were given, and a vote of thanks was very heartily 
carried. 

October 22.—At this meeting, the Society was favored with 
a visit from the General Secretary of the R. A. S.C., Mr. J. R. 
Collins, of Toronto. Vice-President, Mr. William Bruce, J.P., 
occupied the chair. 

Under the title of ** Tie Development of Astronomical Ideas "’ 
Mr. Collins gave a very interesting talk, well illustrated with 
lantern slides. It was as he modestly expressed it ‘‘ An attempt 
to outline in a popular way this interesting subject from the 
beginning of things to the present day.'’ From this bread field 
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he selected the most important events in the history of astronomy, 
told their story, and showed their influence in the building up of 
the science to what we have it to-day. 

D. 


November 12.—On this evening a most instructive address 
was given by Mr. E. H. Darling, A.M.C.S.C.E., the indefatig- 
able local Secretary, illustrated with numerous mechanical slides 
of his own construction, which were much admired. The Presi- 
dent of the Centre occupied the chair. 


The title of the lecture was ‘‘ Stars in their Courses,’’ the 
subject being the study of astronomy withoutinstruments. This 
was further limited to the discussion of the apparent motion of 


the stars as seen at Hamilton. 


A strong plea was made for the study of Astronomy with 
the naked eye. A familiar acquaintance with the stars would be 
a life long source of pleasure to anyone. Since the invention of 
the great telescopes the impression seems to be that only those 
equipped with such can study astronomy. But astronomy was a 
science before the telescope was invented. ‘There is evidence 
that the ancients were careful observers of the heavens 4700 
years ago, and it is really wonderful what they knew about the 
subject. 

One of the mechanical slides used by the lecturer illustrated 
the daily rotation of the star sphere, and this motion was explained 
by means of several diagrams. 


Many different phenomena may be explained by this motion, 
such as the seasons, solar and sideral time, the varying altitudes 
of the Sun, Moon and planets during the year, the harvest moon, 
the culmination of stars, etc. In this connection, slides were 
shown taken from photographs of star trails. 

The slower motions of the earth affecting the position of the 
stars were touched on—the motion of the axis of the earth due 
to the precession of the equinox which has a period of 26,000 
years, and the variation of the position of the north and 
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south poles of the earth, which amounts to a maximum of about 
thirty feet. 

The apparent motion of the planets was discussed with maps 
showing the loop of Mars in 1900, and of both Mars and Jupiter 
for this present year. One photograph of the Pleiades had the 
trail of a meteor right across it. 

The motions of binary stars, star drift and runaway stars, 
were touched on. Another slide made from a photograph, 
showed the alterations in the light of a variable star. 

Sun flames, as seen by means of the spectroscope were 
spoken of as the most spectacular example of motion to be found 
in the heavens. 

On the motion of Mr. T. H. Wingham, B.A.Sc., seconded 
by Rev. J. J. Morton, a hearty vote of thanks was tendered to 
Mr. Darling. 

Mr. G. Parry Jenkins, F.R.A.S., exhibited some beautiful 
lantern slides of Jupiter, Saturn and the Moon, made from draw- 
ing by Mr. Scriven Bolton, F.R.A.S., the one of Saturn having 
been awarded a gold medal at the recent Franco-British Exhibi- 
tion in London, England. 

G.P.j. 


November 26.—The Society this night had a meeting even 
more successful than usual. It was held in the Board of Trade 
Room, but the seating capacity of this large room was not 
sufficient to accommodate the large audience. 

Mr. W. A. Robinson occupied the chair. 

The speaker of the evening was the popular local president, 
Mr. G. Parry Jenkins, F. R. A. S., and the subject, which excited 
so much interest, was ‘' Halley’s Comet.’’ 

The ground covered by Mr. Jenkins included the history of 
periodic comets, an explanation of cometary orbits, and the latest 
theories regarding the composition and behaviour of these strange 
bodies. Referring more particularly to Hailey’s Comet, he told 
of its many historical returns tothe Sun, and how again it has 


been discovered on its way towards us. He also outlined what 
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we may expect to see of this comet during the coming spring and 
summer. ‘The lecture was illustrated by many fine slides. 

In the.discussion which followed, one of our members, Mr. 
I). Kneeshaw, gave a description of the comet of 1843, which he 
well remembered seeing. Many others took part in the discus- 
sion which incidently demonstrated that our members are think- 
ing of and studying astronomical subjects. 


December ro.—One of the most practical and instructive lec- 
tures this Centre has ever had, was given on this date by Pro- 
fessor Louis B. Stewart, D.L.S., second Vice-President of the 
R. A. S.C., Toronto. Its title was ‘‘ The Determination of 
Positions in High Latitudes."’ By means of the Sextant, Tran- 
sit, Artificial Horizon, and black board diagrams, Professor 
Stewart demonstrated the actual process of finding the latitude 
and longitude of any station on the earth's surface. In connec- 
tion with the question of longitude, he explained the method of 
finding the local time by means of the transit, and the sextant, 
and the use of the Nautical Almanac and chronometer. 

In the course of his lecture he showed the great difficulties 
in the way of applying the usual methods to determine the lati- 
tude and longitude of a station near the earth’s pole. As the 
Arctic explorer must make his dash to the pole in the summer 
season, he is deprived of the use of the stars and must depend on 
the Sun for his observations, and even this body is always un- 
favorably situated for anything like exact measurements. 

In answer to a question, he stated that fictitious observations 
for a point near or at the North Pole could be easily made. He 
also stated that he knew of no observation which could be made 
at the pole which would absolutely prove that the observer had 
actually been at that point. 

On motion of Mr. W. A. Robinson, seconded by Mr. W. 


Bruce a hearty vote of thanks was tendered Professor Stewart. 


The following papers have been arranged for : 


December 22, ‘* Looking Up and Looking Down ” (Illustrated) 


Julius M, Williams, Consulting Chemist, Hamilton, 
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January 14, I910, ‘** Star Geography ” (Illustrated) Miss Elsie A. Dent, 
Recording Secretary R. A. S. C., Toronto. 
January 28, ** The Artistic Side of Astronomy ™ -- Second Part (Illustrated) 
William Bruce, J.P. 
bkebruary 11, ** Comets ” (Illustrated) Alfred T, DeLury, M.A. 
Professor of Mathematics University of Toronto 
February 25, E. Walter Maunder, F.R.A.S., Superintendent of Solar 
Department, Greenwich Observatory, has promised to contribute a paper on 


some Solar Phenomena, which will be read at this meeting. Full title will be 


announced later. 


.H.D. 
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NOTES FROM THE DOMINION OBSERVATORY 


ASTROPHYSICS 


SPECTROSCOPIC BINARIES UNDER OBSERVATION AT THE 
DOMINION OBSERVATORY. 


A list of the spectroscopic binaries under investigation at 
the various observatories engaged in this line of work was pub- 
lished by Prof. Frost in the Astrophysical Journal for March, 1908. 
Since that date, however, several on the Ottawa list have been 
completed, one or two have been abandoned on account of poor 
quality of spectra combined with small range of velocity, and 
some new ones have been added. It has seemed desirable, there- 
fore, to publish now a list of the binaries on which we are at 
present engaged. 

The orbits of the five following stars are weil under way, 
three of them being nearly completed. 

y Persei 
tT Tauri 
y Orionis 
95 Leonis 
Bootis 


Work on the orbits of the twelve following stars is in pro- 
gress and is fairly well advanced in some of them. 
Tauri 
7 Camelopardalis 
& Orionis 
y Geminorum 
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« Ursze Majoris 
y Corvi 

é Ursze Minoris 
Herculis 
B.A.C. 5890 

Ophinchi 

é Cygni 

y Aquaril 


Although orbits have been completed and published for the 
following five stars, radial velocity observations are being con- 
tinued. In the case of 7 Virginis and a@ Draconis, in order to 
obtain more accurate values of the elements, velocities in differ- 
ent parts of the curves are being obtained and least squares cor- 
rections will be applied. In the remaining three, however, it is 
practically certain that the elements are changing and this with 
the presence of secondary and other unexplained effects renders 
further observation and discussion advisable. 


Orionis 
Virginis 
Draconis 
Herculis 
Aquilz 

In addition to the above a few early type stars suspected of 
having variable velocity are being observed occasionally. 

It may be of interest to mention that it has been found desir- 
able, in most of the binary stars under investigation here which 
have early type spectra with diffuse lines and in which conse- 
quently the errors of measurement are high, to obtain consider- 
ably more plates than are usually considered necessary. The 
number of plates used forthe 9 orbits determined here averages 
98 and by the time the two mentioned above are completed will 
be well over 100. Even if the orbit of / Orionis, for which the 
abnormally large number of 275 was used, be deducted the aver- 
age number will still be nearly 80. 
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THE SEISMOGRAPH— BoscH PHOTOGRAPHIC, 200 GRAMMES— 


The following earthquakes have been recorded since the 
last notes were sent. 


1g09 
June 22 N-S Component E-W Component 
hm hm s 
aa P.. T. 13 15 42 G.M.T. 13 15 44 G.M.T. 
j 2nd P, T. 13 25 00 13 25 00 
13 38°5 13 38 
Maximum 13 49 
End 14 10 14 25 
{picentre 8,000 km. 
June 28 
ist P. T. since (?) 7 33 36 
2nd P. T hia 7 45 26 
8 15 30 8 14 36 
Maximum $ 20 
End 8 55 9 15 
Epicentre 11,100 km. 
July 7 
tot PT. 21 50 42 21 50 43 
2nd P. T. 22 00 54 22 00 55 
P.8e 22 20 22 Ig 30 
Maximum 22 22 22 22 
End 23 15 23 50 
Epicentre over 9,000 km. 
July 13 
at 3. F (?) 13 25 13 24 47 
2nd P. T. 13 34 13 34 00 
| End 13 45 14 10 
July 17 
Sharp inset 10 55 10 55 2! 
End Ir 10 


July 20 


4 
Inset 18 41 56 18 41 23 
End 18 46 18 46 
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July 21 


July 25 


July 


July 31 


August 


August 7 
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ist P. T. 
Maximum 
end 
Wave 


End 


Wave 
Sharp inset 
Maximum 


End 


2nd P. T. 

Maximum 


Epicentre 3,750 km. 


Waves 
End 

st P. T. 
2nd P. T. 
P,P. 
Maximum 


End 


Epiceutre 3,750 km. 


Waves 


End 


Waves 
End 


Wave 
2nd P. T. (?) 
Maximum 


End 


N-S Component 


hm 


$ 02 46 


10 53 44 
It 04 16 
Il O7 40 


12 30 


Earthquake in Mexico. 


Mexico. 


hm 
1g 25 45 
ig 31 20 
1g 35 
20 10 
12 16 42 
15 


en 


Component 


m 
07 17G-M.T. 
20 


50 
55 3° 
o2 
50 20 
02 30 
17 
57 
58 44 
04 16 
15 
m s 
0o 
25 
25 45 
31 20 
42 
25 
458 
22 
O07 3° 
O7 22 
7 40 
45 
45 


= 

h 
4 07 27 4 
2c 
4 
4 37 4 
1 55 40 I 
| 3 02 3 
‘ 

8 30 

ty 10 

11 
I! 
+i 

h 
10 
10 
19 
19 | 
19 
21 
| 

i 
21 
22 
August 5 

4 
15 
17 
7 
17 
i 
nine 
| 
: 
e 


Dominion Observatory Notes 


August 14 


2nd T. 

Long Waves 

Maximum 

End 
Epicentre 10,600 km. 


August 17 
2nd P. T. 
Maximum 
End 


Epiceutre 4,700 km. 


August 18 


ox 
T. 
Maximum 
End 
August 31 
st P.. T. 
and P. T. 
Maximum 
End 


Epicentre 3,900 km. 
September 
ist F- 
2nd P. T. 
Maximum 
End 
Epicentre 6,400 km. 
September 16 
Wave 
P. 
End 


N-S Component 
hm s 


6 54 40 


“NI 
a: 


22 20 
31 


20 OF 50 


20 40 


cN N SI 
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Component 


m 


54.47 G.M.T. 


16 
21 40 


18 30 


00 O09 
10 14 


00 


| 
8 02 13 
7 06 13 7 06 14 
7 1211 12-19 
| 7 18 12 7 18 12 
7 20 30 7 
8 15 : 8 32 
5 
I 33 30 1 36 
cee { 42 
aie 2 27 
12 04 43 12 04 29 
12 10 24 12 10 24 
12 I1 oS 12 II 20 
12 14 
12 47 
16 59 25 16 59 25 
17 07 Ig 17 07 Ig 
17 14 17 14 
17 15 17 22 
19 20 
20 O1 50 = 
20 25 20 25 i 
J 
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September 19 N-S Component 
hm i s 
Waves 20 28 
Maximum 20 45 
End 21 00 


October 2 


Waves Sul 
End 18 
October 3 
Waves 15 0S 
Maximum 
End 15 15 
Waves 17 06 22 
Maximum 17 10 
End 17 17 
Waves 21 03 21 
Maximum 21 04 
End 21 21 
October 18 
Waves 
Maximum 8 47 40° 
End 9 00 
October 21 
Waves 0 06 
Maximum 33 
End 1 25 
October 29 
Waves 
Maximum 7 06 52 
End 7 15 


Earthquake at Eureka (?) California 


E-W Component 
hm 
20 28 MF. 


~ 

we 
w 


October 31. For this earthquake unfortunately the relay to cut off light for the 


time-scale failed. Hence the time for Ist P. 7 


hm 
sat P.. T. 10 30 00+ 4 
2nd P. T. 10 35 40 
10 39 20 
Maximum 10 45 04 
End If 30 


Epicentre 4,000 km. 


T. is assumed al- 


though approximate. The other phases are based thereon. 


hm 
10 3004+ 4% 


10 35 40 


10 40 


12 09 


i 20 45 
aN 21 20 
S$ 17 
8 22 
15 0S 
15 11 
15 20 
| 
17 06 23 
17 13 40 
21 21 (?) 
21 07 30 
21 35 
35 
49 
9 25 
0 
O 27 
33 
30 
7 00 | 
7 30 
— 
4 
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November 10 N-S Component EW Component 
hm hm 
ist P. T. (emergence) 6 41 6 4! G.M.T. 
Inset 6 47 13 6 47 15 
6 47 26 
Long waves 6 49 6 49 
End 7 50° 8 25 
November 14 
Ir 58 48 
End 12 15 12 20 
November 21 
Long waves 8 37 8 33 
End 9 06 
November 22 
2nd I. T. (?) 19 52 22 19 52 22 
End 2! 


TERRESTRIAL MAGNETISM 

During the past season observations were made for declina- 
tion, inclination and horizontal intensity at 51 stations along the 
north shore of the St. Lawrence from Quebec to the Straits of 
Belle Isle, a distance of 750 miles and covering 14° of longitude. 
The instrument used was the Tesdorpf Magnetometer outfit. 
Observations were also taken for diurnal variation. The terri- 
tory covered is considerably of a terra incognita as far as the 
magnetic elements are concerned, and hence the data obtained 
the more valuable. 

For the next issue of Tor JourNAL we will probably have 
the data ready for publication. 

O.K. 


DOMINION OBSERVATORY, 
OTTAWA, CANADA, 
Dec. 2, 1909. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


MAGNETIC OBSERVATIONS 


During the months of October and Novemter the records 
from magnetic instruments at Agincourt (Toronto) show three 
disturbances which occurred on the 1I&th of October, 22nd of 
October and the 30th of November. 

Inspection of the traces for the disturbance of the 1Sth of 
October shows the beginning marked by a long wave in both 
declination and bifilar instruments of about two hours and a halt 
duration and then a return to almost normal conditions. The 
amplitude in this wave was about 31 minutes in declination and 
115y in horizontal force. At 15> 36™, shorter waves in larger 
amplitude began in declination lasting until about 5° 0O™ of Octo- 
ber 19th when the magnet gradually quieted down. The range 
in amplitude during this period of disturbance was 2° 4’ in decli- 
nation and generally the declination was below normal. In the 
bifilar trace the changes were more intense and the beginning 
occurred at 15> 32™ with a sudden increase in force of about 
1407. With progression of the storm the force decreased until 
the light disappeared between 23 hours and midnight for about 
16 minutes, and again for about the same period between 1 and 2 
hours of October 19th. As in the declinations the magnet 
quieted down after 5 hours of October 19th. 

The disturbance of the 22nd October began at 185 58°5™ in 
the bifilar with a very sudden increase in force. In the declina- 
tion it began at 18° 57-6™ with a sudden decrease of westerly 
declination. The progression of the storm was marked by 
moderately long waves on both instruments. The amplitude in 
declination was 57°6 and that in horizontal force 210y. 

On the 50th of November another small disturbance occurred 
showing an amplitude of 59’ in declination and 225y in hori- 
zontal force. 
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The two first disturbances are of peculiar interest, having 
occurred approximately at an interval of one Solar rotation after 
the great disturbance of September 25th. 

The mean monthly declination for October was6° 179 W. 
and for November 6° 1°°6 W R.F.S. 


SUMMARY REPORT OF THE WEATHER IN CANADA 
OcToBER, 1909 

Temperature — Along the British Columbian Coast and in the 
Cariboo District, and from Western Quebec to the Maritime 
Provinces, the mean temperature of October was above the nor- 
mal, whilst elsewhere in Canada it was below. 

In the Western Provinces the normal value was very closely 
approached. but in a few localities the negative departures 
amounted to 5°. In Ontario, a negative departure of 2° was 
pretty general, and in parts of the peninsula it was as much as 
5° and 5°, while in the extreme east it diminished to just normal. 
From Montreal eastward positive departures increased, and in 
Prince Edward Island and Cape Breton were as much as 5° and 8°. 

Precipitation—In British Columbia the precipitation recorded 
during October was generally in excess of the average. This 
was also the case in Eastern Quebec and the Maritime Provinces, 
exclusive of South-western Nova Scotia, where the normal value 
was not reached. Throughout the remaining districts of Canada, 
the fall, with local exceptions, was less than average, the defici- 
ency being particulary marked in the Western Provinces where 
the amount was about half the average. 

NOVEMBER, 1909 

Temperature—The mean temperature for November exceeded 
the average from Eastern Saskatchewan to the Maritime Pro- 
vinces, while in other parts of Canada the values were subnormal. 

Negative departures from average were pronounced in Al- 
berta and Northern British Columbia, amounting to from 3 to 10 
degrees. 

In Northern and Central Ontario and in the Eastern portion 
of the Maritime Provinces the positive departures were generally 
from 5 to 6 degrees, while in other districts, where the normal 
was exceeded, the difference was only from 1 to 2 degrees. 
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TEMPERATURES 


STATION 


Vukon 
Dawson 
British Columbia 
Atlin 
Agassiz 
Barkerville 
Kamloops 


New Westminster 


Port Simpson 
Vancouver 
Victoria 
Western Provinces 
Battleford 
Broadview 
Calgary 
Carman 
Edmonton 
Medicine 
Minnedosa 
Moosejaw 
Oak Bank 


Portage la Prairie 


Prince Albert 
Appelle 
Regina 
Swift Current 
Winnipeg 
Onlario 
Agincourt 
Aurora 
Bancroft 
Barrie 
Beatrice 
Birnam 
Bloomfield 
Brantford 
Bruce Mines 
Chatham 
Clinton 
Cottam 
Cockburn Island 
ast Toronto 
(Gsravenhurst 
Haliburton 
Hamilton 
Huntsville 
Kenora 
Kinmount 
Kingston 


Highest © 


FOR OCTOBER AND NOVEMBER 


November 
a 
= 
= 8 
28-45 
36-28 
61 25 | 
39 12 
55 10 
54. «21 
50 18 
50 23 
55 

54 26 
-12 
56 27 
63-15 
55 15 
59 
59 
57 
55-28 
57-18 
59-15 
58; -3 
59 6 
67| 12 
63, 3 
638 2 
65 8 
67; I1 
79 13 
68 14 
57 3 
7O 20 
65 10 
66 20 
60, 8 
60; 12 
66 1 
65 4 
68 18 
74 4 
52 2 
61 8 
64 14 


STATION 


Lakefield 
London 
Lucknow 
Madoc 
Meaford 
Midland 
North Gower 
Otonabee 
Ottawa 
Owen Sound 
Paris 

Parry Sound 
Peterboro’ 
Point Clark 
Port Arthur 
Port Burwell 
Port Dover 
Port Hope 
Port Stanley 
Ronville 
Sarnia 
Southampton 
Stonecliffe 
Stony Creek 
Stratford 
Toronto 
Uxbridge 
Wallaceburg 
Welland 
White River 


Quebec 


Brome 
Father Point 
Montreal 
(Quebec 
Sherbrox ke 


Maritime Provinces 


Charlottetown 
Chatham 
Dalhousie 
Fredericton 
Halifax 
Moncton 
St. John 
St. Stephen 
Summerside 
Sussex 
Sydney 
Yarmouth 


~ 


H.ghest 


tober 


NW b 


iS) 


t 


Nw 
Cow Ooms 


N 


November 
66 7 
69 15 
67 5 
67 9 
67 10 
70! 7 
74 8 
62 10 
63. 7 
67| 4 
63, 15 
69 5 
68 6 
2 
62 14 
62 15 
60 10 
60 14 
65 6 
66 12 
68 5 
61 li 
68 21 

65| 13 
64 I4 
64 6 
69 2° 
21 

56 10 
63; 4 
50 12 
60 II 

55 12 
61 12 
59 

14 
5G; 
60 18 
63 20 
67 14 

58 2: 

59; 15 

60 16 
68 25 

63 24 
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3 
74 23 
54. Si, 24 
78 | 24 
46 13 77 20 
68; 29 73 25 
19 78! 25 
27 80} 20 
34 76 | 
| 55| 32 74 
65; 35 76 
69) 37 
79 8 so 
79 7 
72 19 65 i” 
86 5 75| 
76 3 75 =4 
80; 17 78 | 21 : 
83 4 69 25 
77 8 73/ 18 
80; 12 74 23 
87) 77| 24 
75| 6 79) 15 
781 4 22 
78 2 75; 23 
74 6 77| 2! 
82! 11 18 
82, 25 
75 2; 
78 
76; 17 
80! 14 
70 21 79 14 
75| 17 26 
77| 27 73| 24 
77 20 2% 
77; 75, 21 
68) 18 
25 71 | 
73) 27 | 75 
77 19 74 
74, 19 78 
74 
75 16 73 
75° 73 
72, 25 so 
74 #10 
75 24 
69 29 
70 20 73 29 
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Precipitation—During November an exceptionally heavy 
rainfall occurred over the Southern Coast districts of British 
Columbia, the total amount averaging nearly twice the normal 
quantity. From Ontario to the Maritime Provinces, with few 
exceptions the fall exceeded the average, whereas it was almost 
generally deficient over the Prairie Provinces. 

Snow fell occasionally in all the Provinces, and on the last 
day of the month from 1 to 8 inches were reported to be on the 
ground in the West and from 1 to 4 inches in Quebec. 


EARTHQUAKE RECORDS BY MILNE’S SEISMOGRAPH 


TORONTO 
R. F. STUPART, DIRECTOR. 
P.T. = Preliminary Tremors, L.W. = Large Waves. Time is Greenwich Civil 


Mean Time, 0 or 24 H = midnight. 


h m h mi ih mimm h m 

$72Oct. 321 2°0 21 65100 4°5 
$73 >. a? Doubt- 
874) * 18 8 gorg? full 8 55°49°400 
875, 21) 0 26°4 50°4 I 32°09°70|)1  5°6 
$76, 7 6°4 | 4°O\Eureka, California 
3110 35.1 40°7 10 43°O11 56°C) 1°6 20°9'Moderate 
$79,Nov. 10 6 37°6 8 16°5,0°4 38°9 Japan 
S80: 12 4 33°2 | 4 48°0 O'1 14°8 at beginning 
881 ** 21 8 39°5 8 §7°010°07 9 17°5 
$82: 2220 20 38°20°10 0 29°'0 

Toronto boom. Vibration 14°8 seconds. Angular value 0” 


VICTORIA, B. C. 
E. B. REED. SUPERINTENDENT. 


y 
No. | Max. End Durat.| Remarks 
h m h moh hm 
899 Oct. 2,7 54°8 7 59°80°100 5°0 
goo 320 57°8 21 
gol ** 159 54°O 10 
go2 17) I 43°0 I 50°00°059 7°O 
903 ** 18 8 40°0 8 55°00°5 © 15°O\Gradually tailed off 
904 21 0 29°0 §2°0 I 30°00°9 defined 
go5 29 6 51°! 7 §5°90°9 0 13°O|Eureka, California 
** 3110 29°5 10 43°510 46°511 48°53°1 I 
907 Nov. 6 25°2 110 34°6 8 I 48*2Small and extended. Japan 
** 21/8 27°4 8 39°4:0°05 0 I2°0 
«22119 48°5 20 37°5|/0°05 0 49°0 


Vibration of boom 15 seconds. Angular value 0’ -76. 
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ASTRONOMICAL NOTES 


THE SYSTEMATIC MOTIONS OF THE STARS. F. W. Dyson, 
F.R.S.—A _ systematic character in the proper motions of the 
stars was discovered by Herschel, and attributed to the motion 
of the solar system. Different methods gave very different results 
for the direction of this motion. Thus Airy and Argelander 
placed the apex in declination + 35°, Bessel in — 5°. In 1895 
Dr. Kobold called attention to these discrepancies, which seemed 
to point to an error in the fundamental hypothesis that the 
peculiar motions of the stars have no preference for any particular 
directions. In 1905 Kapteyn, from the proper motions of 2,400 
stars given in Auwers-Bradley, showed that the proper motions 
relative to the Sun exhibited preference for two special directions, 
and that when the solar motion was subtracted the stars were 
moving in two streams in opposite directions relative to their 
centre of gravity. These relative motions were directed towards, 
and away from, the star = Orionis (R.A. 91°, declination + 15°). 
Eddington, discussing the proper motions of 4,500 stars in the 
Groombridge Catalogue determined by Dyson and Thackeray, 
also found that the stars formed two drifts in good agreement 
with Kapteyn’s results. Confirmation was obtained from 1,200 
stars within 10° of the North Pole, and from 2,000 zodiacal stars. 
Schwarzschild showed that the Greenwich-Groombridge proper 
motions might be satisfactorily explained by supposing that the 

eculiar motions of the stars did not obey Maxwell’s law for 
haphazard distribution, but that the resolved parts in one direc- 
tion were all increased in a definite ratio. Beljawski applied this 
to the stars of large proper motion in Porter’s catalogues. Prof. 
Dyson determined the favoured directions from all proper motions 
greater than 20” a century. Of 1,800 stars examined it was 
possible to assign 1,100 to one drift and 600 to the other, 100 
showing no systematic motion. All these results are in close 
accord, since all agree in showing an increase of the peculiar 
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velocities in one direction and the opposite, this direction being 
nearly the same in all cases. This direction is in the plane of 
the Milky Way, but it is too early to offer any explanation of 
the motions. (Nature, November 4). 


Wirn the range between freezing point and boiling point 
less than half as great as on the Earth, the range of temperature 
within which water will remain in the liquid state is much 
reduced, whilst with the atmospheric pressure so slight at the 
surface of the planet, the diurnal range of temperature will be 
much increased. The form of water that we on the Earth 
regard as normal is the liquid state. But that cannot be the 
normal form for Mars. For that planet, water must most fre- 
quently show itself as ice or the related forms of snow or hoar 
frost, and when either of these forms under the influence of the 
Sun’s heat is melted, the intermediate state, that of the liquid, 
will be easily and quickly passed through—much more quickly 
than on the Earth. On the Earth aqueous circulation is carried 
on both by ocean currents and by the transportation of water 
vapour in the atmosphere. There is nothing on Mars to corres- 
pond to the vast ocean surfaces of the Earth, and from the ease 
with which water will pass into vapour it is clear that we must 
look to the atmospheric circulation as the chief means for the 
transference of moisture from one region to another. 

And, indeed, this is readily enough admitted by all writers 
on Martian meteorology, so far as it relates to the transfer of 
moisture towards the pole ; it is only when the question of the 
movement in the opposite direction arises that it is assumed to 
be impossible that the moisture should travel in the form of 
vapour, and it is found imperative to cover Mars with a Titanic 
system of irrigation works fitted with mammotlt pumping stations 
at short intervals. Yet the atmospheric circulation of Mars 
cannot be always in one and the same direction. If anything, 
one would suppose that the winds blowing in summer time from 
the melting pole cap would be more heavily laden with vapour 
than those blowing in winter towards the freezing cap. 

Yet a further point. If we have water currents conducted 
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aiong carefully constructed canals in order to convey water from 
the melting pole cap towards the equator, their flow cannot be 
uninterrupted. The polar regions are, indeed, enjoying per- 
petual sunlight, and melting and evaporation will go on fast and 
furiously ; but as the water approaches the tropics, it will be 
exposed through ever-lengthening nights to rapid radiation, 
and soon a point will be reached whereat night after night the 
canals would be frozen solid. 


Ir will be remembered that even for the equator of Mars 
we found a climate resembling that suggested by places on the 
Karth like Archangel. In other words, that the mean tempera- 
ture was definitely below freezing point. This would mean that 
even great expanses of water were frozen to the bottom at night, 
and that the daily melting could be only superficial. It would 
be only shallow masses of water that could be completely thawed 
in the course of a 12-hour day. There would be every degree of 
melting from the equator to the poles, but it would be near the 
poles alone that a complete liquefaction could take place.—E. W. 
MAUNDER, Journal British Astronomical Association, November, 
1909. 


GENERALISING from a representative example, we might 
consider all parts of the Martian surface which show evidence of 
change to be covered by vegetation, and all those which remain 
fairly constant during the course of ages to represent either large 
sheets of water, or even desolate plains, like those of our satellite. 

No one ever saw a single artificial canal on Mars, and it is 
the opinion of Mr. A. Stanley Williams that the Meudon obser- 
vations have disproved ‘‘ for ever the existence of the systems of 
hard, geometrically patterned lines with which some observers 
have so elaborately endowed the planet.’’ And the minor details 


’ 


or ‘‘canals’’ in perfect harmony with Mr. Maunder’s theory, 
have assumed a more irregular, knotted, disconnected, and, to 
put it plainly, a more zatural-looking appearance. We thus see 
in the so-called ‘‘ canals’’ a work of Nature, not of Intellect ; 


the spots relieving the gloom of a wilderness, and not the Titanic 


‘ 
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productions of supernatural beings. To account for their various 
phenomena, we need only invoke the natural agencies of vegata- 
tion, water, cloud, and inevitable differences of colour in a desert 
region. Some of them are mere isolated dusky features ; the 
majority are knotted bands; others look like rivers with their 
tributaries ; while a few would seem to lie in pairs, like the 
irregular streaks radiating out of the more important walled 
plains of the Moon. 

Such was the doom of that geometrical network, and such 
our gropings as to the physical condition of Mars. There is 
hardly any more fascinating sight in the universe than this little 
planet—the only living and probably still inhabited world showing 
us the intricate details of its very surface. And should it be 
objected that the views here chosen have assumed too geomorphic, 
or even too selenomorphic a character, the excuse would be that, 
in framing physical theories, the scientific imagination cannot 
transcend the world of fact and experience.—E. M. ANTONIADI, 
Journal British Astronomical Association, November, 1909. 


Tue plane of the comet’s orbit makes an angle of 18° with 
the Earth’s orbit plane. The comet's orbit therefore passes 
‘through ’’ the planetary orbits like the two adjacent links of a 
chain. ‘The comet will approach within fifty-six million miles of 
the Sun, and then recede during thirty-eight years until it is far 
beyond Neptune's path. In perihelion it must travel thirty-four 
miles per second, but at the outer turning its speed will be less 
than one mile a second. 

Since the coming of photography and the accurate recording 
of details of comet structure utterly invisible tothe eye, it has 
been possible to measure these motions. Comparisons of photo- 
graphs of the same comet made two or three hours apart have 
shown that condensations and other structural forms have moved 
rapidly outward during the interval ; only a few miles per second 
at first, but faster and faster as the distance out in the tail in- 
creased. Some observed speeds have been nearly fifty miles per 
second. Fifty miles per second is more than four million miles 


per day. If such motions exist, the constituents of the tail on 
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one night are not the constituents of the tail of the following 
nights. Half a century ago the great physicist, Clerk- Maxwell, 
in developing the electro-magnetic theory of light, deduced mathe- 
matically that the so-called light and heat-waves, in striking upon 
any object, exert a pressure upon that object, very much as ocean 
waves falling upon the cliffs press against the obstructing rocks. 
The pressure due to light and heat-waves, called radiation pres- 
sure, is extremely slight ; so slight, in fact, that skilled experi- 
menters were unable to detect its existence for many years. At 


last, about the year 1900, a Russian physicist, Lebedew, was able 

to observe this effect ; and a few months later two American physi- 

cists, Nichols and Hull, were even more successful, for their 
. accurate observations showed a satisfactory agreement with the 

demands of Maxwell's theory. 

All the materials of a comet are necessarily attracted by the 

Sun, according to the law of gravitation. There can be no doubt 
that they are also acted upon by radiation pressure. The former 
| seeks to draw all into the Sun, the latter to drive them into outer 
space. These are opposing forces. On the more massive parts 
of a comet, comprising the nucleus, radiation pressure is ineffec- 
tive ; and the nucleus moves along in its prescribed curve with 
remarkable precision. Not so with the finely divided materials 
of the comaand tail. Gravity acts as a function of a particle's 
mass, whereas radiation pressure’s action is dependent upon the 
surface-area of a particle in relation to its mass. As particles be- 
| come smaller and smaller a size will be reached such that these 
opposing forces will be precisely balanced. Particles larger than 
| these will be drawn nearer to the Sun. Particles smaller will 
| recede from the Sun. 
Astronomers will ‘welcome the coming of Halley’s Comet, 
full of hope that the photo-dry-plate, the spectroscope, and other 
ways and means of attack invented since its last visit in 1835 will 
enable them to remove something of the mystery of comets, the 
most mysterious of all celestial bodies. —Pror. W. W. CAMPBELL, 
Publications Astronomical Society of the Pacific, No. 128. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


QUERY 
Ilow soon can Halley’s Comet be detected, before it reaches the Sun, with a 


12-power binocular glass ; and near what star will it be.—G. J. B. 


ANSWER 

It is not possible to state definitely when the comet will be 
visible in 12-power binoculars ; likely, however, before the end 
of February. For the location, consult the map appearing in 
this issue under ‘‘ Predictions.’’ 

It may be interesting to consider this question of brightness 
somewhat further. 

The variation in the brightness of a comet is somewhat 
capricious. It depends, of course, on the distance of the comet 
from the Sun and from us, and also whether it is seen only by 
reflected sun-light or in part by its own light. These questions 
are not entirely settled yet. and it is hoped that progress will be 
made in their solution by observations of Halley’s comet on its 
present apparition. 

In the ephemeris computed by Father Searle (Harvard Bud/e- 
tin, No. 372) the brightness on March 1 is given as 50, that on 
September 11 being assumed as 1. Now on September 16 the 
magnitude was 16 (See this JouRNAL, last issue, p. 343) A 
thirty-fold increase in brightness would make the magnitude 
12°3 on March 1, to see which would require about a 5-inch 
telescope. 

Again Cowell and Crommelin in their Search Ephemeris 
(A.N., LXVIIL, p. 394, March 1908), assuming the brightness 
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on January 2 to be 1, compute the following values for the 


brightness : 
February 3, 1°15 May 10, 1112°0 
March 13, 2°05 May 14, 6607 
March 23, 4°83 May 18, 94°18 
April 4, 8°95 May 22, 33°27 
April 12, 13°06 May 26, 19°49 
April 20, 19°30 May 30, 8°59 
April 28, 28°51 June 7, 
May 2, 58°34 June 23, 1:00 
May 6, 126°5 July 15, ‘BS 


From the above computations one would hardly expect the 
comet to be visible to the naked eye before May, but I believe it 
is quite generally expected that it will be considerably before 
that time. 

The circumstances of the last two apparitions are as follows : 

7759—Perihelion passage, March 12. 

December 25, 1758S—First seen by Palitzch, an amateur 
astronomer, near Dresden, with a telescope of 8-feet 
focus. 

December 28, seen by Dr. Hoffmann. 

January 21, 1759, seen by Messier at Paris. Then lost in 
the Sun's rays. Inferior conjunction, end of February ; 
not seen again until March 26. Towards end of April 
became invisible in Europe, but seen in southern hemis- 
phere. 

April 28, seen at Lisbon again, and continued to be seen 
until June 3. 

May ». In southern hemisphere tail was seen 47° long and 
comet was a conspicuous object. 

7835—Perihelion passage, November 16. 

August 5, seen at Rome, a very faint telescopic nebula. 

August 20, generally visible (in telescopes), small round or 
slightly oval nebula, no tail. 


September 25, first seen with the naked eye. 
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October 2, tail began to form and increased rapidly. 

October 5, tail 5° long. 

October 15, tail about 20° long, its greatest apparent length. 
From this time it decreased. 

October 20, tail 3° long. 

November 5, tail 2'%° long: entirely disappeared before 
perihelion. After this it disappeared for two months 
and at its re-appearance (January 24, 1836) it was 


quite different in appearance, having no tail and appear- 


ing to the eye like a hazy star of 4th or 5th magnitude 
(See Herschel’s ‘* Outlines of Astronomy.’’ ) 


CA. 
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PATH OF HALLEY'S COMET AMONG THE STARS FROM OCTOBER 


= above map is drawn from the ephemeris prepared 

by Cowell and Crommelin (J/onth/ly Notices, Vol. VIII., 
p. 394-5, March 1908). According to the elements deduced by 
these astronomers the perihelioi passage should be April 8, 1910, 
at a distance 0°5869 or 54°6 millions of miles. On the map is 
shown the position of the Sun on March 17 and on May 10, 11, 
12, 13, 14; of Saturn on January 15, and May 15; and of Mars 
on January 10, 1910. The position of the comet on the dates 
given (for éxample 11.5.10 = May 11, 1910) is indicated by a 
little mark across the curve showing the path. 


The comet was re-discovered by 
berg, by photography. He first de 
taken August 28, but did not a 
September 11. The ephemeris of C 
time of the re-discovery required a 
right ascension and 4 minutes in de 
satisfactory when we remember tha 
made nearly 74 years ago, 

A re-calculation since the re-di 
the perihelion passage about 10 d 


nearest approach to the earth will b 


‘ 
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ICTOBER I, 1908 TO JULY 13, I9gIO. 

sovered by Dr. Max Wolf, of Heidel- 
le first detected the image on a plate 
did not announce his discovery until 
meris of Cowell and Crommelin at the 
equired a correction of 25 seconds in 
utes in declination, which is extremely 
ember that the last observations were 


- the re-discovery of the comet makes 
bout 10 days later, or April 19. The 
irth will be on May 1, distance about 


(DRAWN BY A. B. FENNELL). 


14,000,000 miles, but the comet will be so near the Sun that it 
will probably not be visible. On May 18 the earth will likely 
pass through the comet's tail. 

The date at which it will be visible to the naked eye is un- 
certain, but probably it will be bright enough some time during 
February. At that time it will be seen in the western sky after 
sunset. Towards the end of March after passing the Sun it wiil 
appear in the morning before sunrise, and it will reach its great- 
est apparent distance from the Sun in May. ‘Towards the middle 
of May it will again pass the Sun and reappear in the evening 
sky. 


xv 
.* . 


PREDICTIONS FOR JANUARY AND FEBRUARY 


PREPARED BY R. M. STEWART 


CONSTELLATIONS ON THE MERIDIAN IN JANUARY 


Camelopardalis (The Giraffe) is a large polar constellation 
situated between Cassiopeia and the Great Bear. Whatever the 
origin of the name, the constellation includes a long narrow lane 
extending down to the east of Polaris, which might be likened to 
the neck ofa giraffe. The outlines of many of the constellations 
are so extremely irregular and arbitrary that it is difficult to see 
how they could have originated. Camelopardalis contains n6 
bright stars, there being only one of the fourth magnitude and a 
number of the fifth and sixth. 


Auriga (The Charioteer) may readily be recognized by 
Capella, its brightest star, which crosses the meridian very 
slightly north of the zenith at 9 p.m. on January 24th. It is the 
most northerly of the first magnitude stars, and is surpassed by 
only a few in brilliance. It is followed 45 minutes later by /, of 
the second magnitude ; the specific name of this star is Menka- 
linan, but is now practically never used. The south-western 
half of the constellation, which is traversed by the milky way, 
contains many fine star-clusters. 

Taurus (The Bull) is situated directly south-west of Auriga; 
it is the second sign and the third constellation of the zodiac, and 
is occupied by the Sun from May 15 till June 18. It is most 
easily recognized by the Pleiades, or Seven Stars, which cross the 
meridian about nine o’clock on January 1; this group is well 
worth examination with an opera glass or sma// telescope. About 
15° to the south-east is the red first magnitude star Aldebaran, 


the brightest in the constellation ; it is at one end of a group of 
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five stars forming the shape of a V, well known as the Hyades; 
this is another small group which will well repay examination 
with an opera glass. The only other conspicuous star is f, or 
Nath, to the north-east of Aldebaran and almost south of 
Capella ; it is of the second magnitude. 


Orion, which is named from a giant of mythological history, 
is the only constellation which really suggests the figure of the 
object it is supposed to represent. It is also the most beautiful 
and brilliant constellation of all, being studded with stars of the 
first, second and third magnitudes. The three stars of second 
magnitude in a close row form the belt ; the upper one of these is 
on the equator. From these depend three others, known as the 
Sword of Orion ; the centre one, , appears slightly hazy to a 
good eye ; when examined with a telescope it is seen to be quad- 
ruple, and to be surrounded by a nebula, the Great Nebula of 
Orion. ‘The left knee of the giant is marked by Rigel, of the 
first magnitude, the right knee by «, of the second ; the two 
shoulders by Betelgeuse and Bellatrix, of the first and second 
magnitudes respectively ; the head is a small triangle formed by 
one star of the fourth and two of the fifth magnitude. 


CONSTELLATIONS ON THE MERIDIAN IN FEBRUARY 

Canis Major (The Great Dog), lies to the south-east of 
Orion. It is marked by Sirius, The Dog Star, which is by far 
the brightest of the fixed stars, forming a magnitude by itself. 
It is at a distance of about seventeen light-years ; hence it must 
be of stupendous magnitude and brilliancy. From irregularities 
in its proper motion it was shown that it must have a dark com- 
panion revolving about it. This was confirmed by Alvan Clark’s 
discovery in 1862 of a companion of the tenth magnitude. The 
period of revolution is about fifty years, the companion having 
about one-half the mass of Sirius. About five or six degrees 
west of Sirius is f, of the second magnitude; further to the 


south are 6 and ¢, of the second magnitude, and two other stars 


of the third, all in the same constellation. 
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Canis Minor (The Lesser Dog) is to the east of Orion and 
slightly higher. Thename of its brightest star, Procyon, signifies 
‘* Before the Dog,’’ being given to it because it rises shortly be- 
fore Sirius ; it forms an equilateral triangle with Sirius and Betel- 
geuse. From the proper motion of Procyon it was shown theo- 
retically by Bessel that it must, like Sirius, have a companion re- 


volving around it. This companion was discovered at the Lick 


Observatory by Prof. Schaeberle in 1896, very nearly in the pre- 
dicted position. 
Gemini (The Twins) is the third sign and the fourth con- ’ 
stellation of the zodiac. It derives its name from the Twin Stars, 
Castor and Pollux, of the first magnitude ; they are separated by 


about four and a half degrees, and lie to the south-east of Capella, 


4 and some distance directly to the north of Procyon. Castor is 


a double star, the components revolving about one another in 

: about 1000 years. Some distance to the south-west is 7, of the 

4 second magnitude ; the constellation also includes several third 

‘ and fourth magnitude stars. It is occupied by the Sun from 
June 18 to July 18. 

MERCURY . 
; Mercury is an evening star until January 25, at which time 

; itis in conjunction with the Sun; afterward a morning star. 


On January 10 it is at its greatest elongation east, when it sets 

about an hour and a half after the Sun; at the greatest elonga- ’ 
tion west on February 19 it is less favorably situated for obser- 

vation, being farther south of the Sun and consequently not ris- 

ing so long before him. It is in conjunction with the Moon on 

January 12 and February 8, and with Venus on February 27. 


VENUS 


Venus, which reached its greatest apparent distance from the 
Sun on December 2, does not attain its greatest brilliance until 


January 7. It remains above the horizon for over three hours 


after sunset, and will be the most conspicuous object in the 
heavens. Itis in conjunction with the Sun on February 12, 
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after which it becomes a morning star. It will be noticed from 
the Table of Planetary Phenomena given elsewhere in these Pre- 
dictions, that on February 9, while it is still east of the Sun, it is 
in conjunction with the Moon, whereas the latter, which is mov- 
ing towards the east, does not reach conjunction with the Sun 
(that is, New Moon does not occur) till nearly forty minutes 


later. Thus we have apparently the anomalous condition that 


Venus: 
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FIGURE TO ILLUSTRATE CONJUNCTION IN RIGHT ASCENSION 
AND IN LONGITUDE 


the Moon is at the same instant both east and west of the Sun. 
The explanation lies in the fact that a planet is considered to be 
in conjunction with the Moon when the two bodies have the same 
right ascension, while conjunctions of other bodies with the Sun 
are reckoned by equality of /ongitude, which is measured along 
the ecliptic. The accompanying figure, which gives the paths 
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of the three bodies and their positions at the times of the differ- 
ent conjunctions, will explain how the phenomenon is possible. 
MARS AND SATURN 

These two planets, which at the beginning of the year pass 
the meridian together at about half past six in the evening, 
separate continually during January and February, Saturn sink- 
ing to the west much more rapidly than Mars. By the end of 
February the former sets a few minutes after nine, while Mars, 
remains above the horizon till after midnight. 

JUPITER 

Jupiter begins to retrograde on January 30 ; its whole motion 
among the stars during January and February is so small that it 
would be enclosed in a circle of double the diameter of the Moon. 
It is in quadrature with the Sun on January 4, and rises shortly 
after midnight ; by the end of February, however, it appears 


above the horizon shortly before nine in the evening. 


MERIDIAN PASSAGE OF THE PRINCIPAL PLANETS IN 
JANUARY AND FEBRUARY 


LOCAL MEAN TIME 


For JANUARY 15 FoR FEBRUARY 15 
Mercury 1.20 p.m. Sagittarius, Capricornus 10.29 a.m. 
Venus 2.27 p.m.  Capricornus, Aquarius 11.45 A.M. 
Mars PLM. Pisces, Aries 5.05 P.M. 
Jupiter 2.19 A.M, Virgo 5.16 A.M. 
Saturn 5.29 p.m. Pisces 5.00 P.M. 
Uranus) 11.56 A.M. Sagittarius 10.01 A.M. 
Neptune 11.38 p.m. Gemini 9.52 P.M. 


SOME INTERESTING DOUBLES VISIBLE IN SMALL TELESCOPES 

7 Camelopardalis. R.A. 4° 50°1™; Dee. 55° 37’ ; magni- 
tudes 4°2, 11°3; distance 25’'°6 ; white and orange ; the brighter 
star has another close olive-colored companion of the eighth mag- 
nitude at a distance of 1°2; the latter is a somewhat difficult 
object. 
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B Orionis. R.A. 5b 10°2™; Dec. - 8° 18’; magnitudes 1, 
8 ; distance 9’"1 ; position angle 200° ; a very difficult object in 
any but the best telescopes, on account of the brilliance of the 
primary. 


Orionis. R. A. 27°4™; Dec. 0° 22’; magnitudes 2, 
6°8 ; distance 52”°7 ; colors white and pale violet. This is the 
preceding ot the three stars in the belt of Orion. 

AX Orionis. R. A. 5® 30°2™; Dec. 9° 52’; magnitudes 4, 6; 
distance 42 ; colors pale yellow and purplish. This star, with 
¢g, and ¢,, forms a triangle to the naked eye, which constitutes 
the head of Orion. 


Orionis. R.A. Dec. 5° 28’ ; the trapezium 
in Orion, situated in the densest part of the Great Nebula; four 
stars A, B, C, D; magnitudes 6, 7, 7°5, 8; position angles and 
distances, A B 32°; AC 131°; CD 60°; 13”: 
there are a number of other smaller stars in the neighborhood, 
several of which are supposed to be variable. 


« Orionis. R. A, 5h 34°2m: Dec. —2° 39’: a beautiful 
multiple star of about the fourth magnitude. In most ordinary 
telescopes it presents the appearance described by Sir Wm. 
Herschel as ‘‘ a double-treble star, or two sets of treble stars 
almost similarly situated.’’ In larger instruments both sets are 
seen to be quadruple. 


5 Orionis. The following of the three stars in the belt of 
Orion. R.A. 5 36°2™; Dec. - 1° 59’; magnitudes 2, 5°7, 9: 
distances 2’°2, 57” ; colors yellow. purplish, grey. 

11 Monocerotis. R. A. 6» 24°5™: Dec. — 6° 58’ ; three com- 
ponents A, B, C; magnitudes, A 5; C 6; distances, A 
BC a striking object. 

6 Geminoum. R.A. 7° 14°7™; Dec. 22° 9 ; magnitudes 


distance 7°°1 ; colors white and purple ; a rather diffi- 
cult double. 


a Geminorum. (Castor). R. A. Dec. 


3°7; distance 58. This is the largest and 


= 
‘ 


magnitudes 2° 
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finest double star in our hemisphere, and was the first shown to 
be certainly of a binary character ; the period is 1000 years. 
Geminorum, R. A. 7» 39°Om ; Dec. 24° 37’ ; magnitudes 


4,9; distance 6’°3 ; very delicate and beautiful. 


CLUSTERS AND NEBULA 


Cluster. R.A. 5h 13°9™; Dec. 39° 15’. Sir 
Wim. Herschel describes this as ‘‘a pretty compressed cluster, 
with one large star, the rest nearly of a size.’ The principal 
star is of the eighth magnitude, and of a bright orange color 

M.38. R.A. 5» 22°7™: Dec. 35° 45’. A fine cluster, 
described by Admiral Smyth as ‘‘ an oblique cross, with a pair of 
large stars in each arm, and a conspicuous one in the centre, the 
whole followed by a bright individual of the seventh magnitude.’’ 
There are several wide doubles scattered through it; and the 
whole region is very beautiful. 

M1. R.A. 5° 29°1™; Dec. 21° 57’. The Crab Nebula: 
resolved by the 6 ft. reflector of the Earl of Rosse into a star- 
cluster. Its accidental discovery by Messier when following a 
comet in 1758 led to the formation of the earliest catalogue of 
nebulz. 

17.42. The Great Nebula of Orion. R. A. 5° 30°9™.- 
Dec. - 5° 27’. The fainter portions of this nebula extend over 
an immense space ; it has been shown by photography to cover 
a large part of the constellation. The telescope shows an irregu 
lar branching mass of greenish haze, in some directions moder- 
ately well defined where the dark sky penetrates it in deep open- 
ings, in others melting imperceptibly away over a large extent of 
space. It has been shown by the spectroscope to be gaseous, 
and has been thought to be variable. 


R. A. 5" 46°3™: Dec. 32° 31’: a fine cluster, resolv- 
able into about 500 stars from the tenth to the fourteenth magni- 
tudes. ‘* Even in smaller instruments extremely beautiful, one 


of the finest of its class. Gaze at it well and long.’’— Vdd. 
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735. R. A. 4" 3°3—; Dec. 24° 21’. A beautiful and 
extensive region of small stars. 

H.IV.45. R. A. 7» 23°9™- Dec. 21° 16’. A star of the 
eighth or ninth magnitude, surrounded by a bright nebulous 
atmosphere of about 25° diameter ; a very remarkable object. 


ECLIPSES AND TRANSITS OF THE SATELLITES OF JUPITER 


E=eclipse, O = occultation, T = transit, S = shadow, D = disappearance, 
R = re-appearance, 1 = ingress, e = egress. 


Eastern Standard Time; hours numbering from midnight, 


JANUARY 


d h m d h m d h m 
ED 2 6 1 Se @ 5 Te 
Sl 5 5 L. SI 23 o 16 It. Te 
@ Se & ED o IL. re 
oo Th. Fe OR 2 o 56 ED 
IL. ED o 19 IL. SI 3 2 Hi. ER 
TI Se 2 57 Ill. ED 
Sc Te 29 4 o6 I. SI 
ED 6 50 IIIf. SI 5 4 LL. rl 
4 45 [. OR 1 1 o4 I OR 6 2 tf. Se 
8 o 4! I. Se 9 1 57 II OD 30 o o3 Il ri 
le 4 12 I. OR o 6333 i Se 
5 39 III. Se ED 2 Te 
H. of ED 4 44 IL. OR 
4 31 IV. Se & OR 23 «41 TI 
o 23 HE OR 2 Se 
3 SI 3 1 55 I. Te 
653 II 4 28 I Se OR 
FEBRUARY 
d h m d h m d h m 
Z 4 §3 WL ED 3 « 23 Se s 20 Se 
5; 3 ED go 8. Tt 5 28 II SI 
§ 5 59 I sI SI 6 20 ILL. TI 
as. & Fi 4 50 II TI SI 
1 22 Te ED o o3 II ED 
Il. ri 5 38 II Se ED 
3; 06 Ti Se 44 2 a: LI. SI 4 2 If OR 
6 33 OR + Te TI 
7 o SI go ED o 59 I. Se 
2 43 1. Se OR © 
Te 23 o¢ Se Thy Te 
23 35 OR 23 Te 2 @ OR 
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HE SI 


— 
. 
~ 


494 JANUARY 
Al GREENWIC H MEAN Noon 


he Sun’s Equation ot Time 
Date Day of The Sub’t from Mean s‘dereal Time 
1909 Year Right Ascension | Declination Time 
| h m s m h m 

Sat. I I 13 44 27°37 |S. 23 3 30°2 41 1°64 
Tues. 4! 4 18 57 41°12 22 47 22°3 4 pod 1S 52 51°32 
Fri. 7 7 1g 10 51°46 22 27 ay 6 10°46 19 4 41°00 
Mon. 10) 10 Ig 23 57°62 22 2 5§8°5 7 26°95 Ig 16 30°67 
Thur, 13) 13 19 30 58°79 21 34 54°0 S 35°44 Ig 28 20°35 
Sun. 16, 16 19 49 54°25 44 23 Ig 49 10°02 
Wed. Ig) 19 20 2 43°38 20 27 37°3 10 43°69 19 51 59°69 
Sat. 22) 2 20 15 25.76 19 48 42°6 It 3604! 20 3 49°36 
Tues. 25} 25 20 25 «I'll 1g 6 29°4 I2 2207 20 15 39°04 
Fri. 28! 28 20 40 29 31 18 21 7°6 i3 0-60 20 27 28°70 
Mon. 31 3! 20 §2 50°29 |S. 17 32 47°2 13 31°92 20 39 18°37 

75th Meridian Time, Hours number:ng from Midnight os = = 

Planetary Phenomena 

= 


h 
Sat. 16h in Perihelon ; 22h in ©). 
Sun, 2 IS 10 32014 
€C Mon. 38h 19m oy YC, A 3° 117 $.; Sh 26 $m Last Quarter. 31204 
Tues. 4 1°4h © Apogee; 14h 36124 
Wed. 5 14 58 10234 
Thur. 6 20134 
Fri. 71th 2 Greatest brilliancy; fh “). 234@ 
Sat. Si2th Y @. Il 47 10324 
Sun. 9 J2U14 
Mon. 10'7h Greatest elongation E. 19° 3’. [4 C, 4 3°9'N. 3214 
@ Tues. 11 b Greatest Hel. Lat. S.; ern 2m Mew Moon; Thramc, 8 36 430512 
Wed. 12 0h CG 8 4° 33’ N. 11023 
Thur. 13'tch in (2; 22h 22m 9 GC, 7° 43’ N. 42013 
Fri, 14 5 25 41023 
Sat. 15 W4O32 
Sun. 1618b Stat’onary. [235 ®. 43201 
Mon, 173°5h(C in Perigee; toh 45m bh C b I N.; 2 14/3421 
Dues. 80h in Perihelion; 2h 19m GC, 4° 25'N.; 30412 
Wed. 19) [5h 20-6m (Quarter, 23 03 [10240 
Thur. 20 8h Stationary. 20143 
Fri, 21 
Sat. 22 19 §2 132 
Sun. 23:23h YC, Y 4° 5’S. 32014 
Mon. 24 32104 
‘Tues. 25 6h 50°6m Full Moon. 116 41 30124 
Wed, 26 4h @ Inferior. 1.420 
Thur. 27 24013 
Fri, 28 7h Greatest Hel. Lat. N. 13 30 4103@ 
Sat. 29 4132 
Sun. 30 4h Stationary ; 19h 5m ©. 2° 45'S. 
Mon, 31 22°7h in Apoge 10 19 \4321( 
Key to Symbols.—cy Conjunction; Opposition; Quadrature; © Ascend 
ing Node; Descending Node; (Sun; Mercury; Q Venus; Earth; 


Mars; Jupiter; Saturn; Uranus; Neptune. 


i 
| 

4 

= 


FEBRUARY 


Av GREENWICH MEAN NOON 


The Sun’s 


Right Ascension | Declination 

h m s 

20 56 55°63 |S. 17 16 2°5 
21 g 7°02 16 24 
21 21 11°18 15 29 23°5 
21 33 14 32 24°1 
44 58°13 13 33 135 
21 56 41.13 39 
22 8 17°47 It 2g 6°'0 
22 19 47°55 10 24 32°! 
22 31 I1'S4 9 18 32°7 
22 42 30°%9 (|S. 811 173 


75th Meridian Time, Hours numbering from Midnight 


Planetary Phenomena 


oh 27°1m Last (Quarter. 


Igh 25m 


~ in Perihelion. 


a 


Stationary. 


Equation of Time 
Sub’t from Mean 


w NW 


wNN 


Minima of 
Algo! 
Configuration of 


Jupiter's Satel- 


lites at 2h. 


= 


NN 


N 


w 
tN 


te 
Sithym 8 CG, 8 6° 25’ N. 
36m & C, 13” 34’ N.; 20h 13.0m New Moon 


12'7h of @ Inferior; 17-oh in Perigee. 
13/20h hb C, b 1° 187 N. 


Cd 3° N. 
16 13h 32°5m Kirst Quarter. 


Greatest elongation W. 26° 


20\4h 33m UG, 4° 10'S.; 18h in 


N 


> 


NNN NN 


we 


5°8m Full Moon, 


© Greatest Hel. Lat. N. 


7 34m DC, 2° 29'S.; 16hoy 
17°6h © in Apogee. 


nifies that the satellite is on the disc; @ signifies that the satellite is behind the 
disc or in the shadow. 


Ge 
+> 


~ > 
tN NN 


+ 
© 


ws 
+. 


+ 


Configurations are for an inverting telescope. 
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1909 Year im ee 
m s hm s 
Tues. 1 32 13 40°75 20 43 14°93 
Fri. 4 35 14 2°43 20 55 4°60 i 
Mon, 7; 38 14 16°92 21 6 54°20 
Thur. 10 4! 14 24°26 21 18 43°93 
Sun. 13 44 14 24°53 21 30 33°60 
Wed. 16 47 14 17°88 42 23°26 
Sat. I9 50 14 4°55 54 12°93 
Tues. 22; 53 13 44°96 6 2°5y . 
Fri. 25; 56 13 19°59 17 52°25 
Mon. 28 59 } 12 48°08 29 41°91 
hm 
Pues. I 43 
413 | 
Thur. 3) 
12h 
Sat. 5 
Su. i 3 $7 
Mon, 
Tues. 
Wed. .| 0 40 
Thur, 10 | ; 
Fri. 11 | 21 35 
sat. 
Sun. 
Mon. 14 1S 24 
Tues. 
Wed. 
Thur, 17 15 13 > 
Fri. 13) 
So. 12 02 
Mon. 2! 
‘lues. 2 : 
VV 8 51 
Thur. , 
Fri. 
Sun. 9” 18'S. 10324 
Mon. 2 23014 i 
For Jupiter's Satellites, the circle © represents the disc of the planet; Q} sig : 


Predictions 


VARIABLE STARS 


Name 


R. A. Mag. Period 


at Cassiopeia o 56 03 22 to 

R Trianguli 2 316 33 53 56 to 12 262 days 

O Perset 2 59°4 38 30 3°3 to Irregular 

A Tauri 12 14 3°4to4'2 «3d 22h 52m 12s 
Awigea 4 55°5 43 4! 3°0 to 4°5 Irregular 

R Leporis 4 55°5 -~14 56 58to85 435 days 

O Orionis 27°4 22 2°2 to 2°7 

at Orionis 23 }to 200 days 

Geminorum 6 09°4 22 32 to 4 229°! days 

Monocer otis 6 20% 7 0 57to8 27°0037 days 
S Monocerotis 6 360 9 59 5°0 to 5°5 

Geminorum 6 58°38 20 42 37 to 4°5 10d 3h 41°5m 
R Canis Maj. 7 15°4 16 13 57 to 6°5 15m 46s 
Monoces otis 7 26°5 9 35 5°7to8 45°20 days 


RADIANT POINTS OF METEOR SHOWERS 


Date 


January 1-3 \The Quadrant:ds; near ¢ Herculis 


January 2 15 20 53 Near z Draconss; a rich shower 
January 5 g 20 57 Near # Urse Majoris 

January 5-11 yg 40 5 |Near 4 Sextantis 

January 17 Ig 40 53 \Near ¢ Cygni 

January 28 15 44 25 

february 5-10 4 56 43 

February 15 15 44 11 Near & Serpent's 

February 16 Ir 08 5 

February 20 12 04 34 

February 2c 17 32 | 36 Near © Herculis 


OCCULTATIONS OF STARS BY THE Moon* 


Time Position Angle — 
Date Star | Mag. 
Immersion Emersion | Immersion | Emersion 
h m h m o o 
Jan. 3/ Virginis | | 565 151 277 
522 6°5 18 24°3 19 44°38 130 294 
147 Aquarii 4°4 4 6 89 41 254 
2053 Zauri 5-3 10 41°4 | 11 464 51 280 
Geminorum | 13 5§°2 112 266 
26.9 Leonis 9 52°99 10 45°4 66 332 
28v lirginis 4°2 12 23°4 | 13 26°9 $7 3338 
Feb. 1937 Geminorum 5°7 6 489 127 | 222 
26.46 Virginis 15 216 |16 Ig | 171 261 
26:48 Virginis 6°5 17 27°: | 18 | 112 310 


*Prepared by R. M. Motherwell for use at the Dominion Observatory. 
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